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AN hundred and fifty years aje fcarce elapledl 
fince the clouds of prejudice,' which haci 
long ovcrfprcad the world, began to clear up^ 
and men were convinced, /by cultivating the Scien- 
ces and attending to Nature, that no fanciful hy-« 
pothcfes would ever lead them to the true caufes 
of thofe various phenomena that incef&ntly and 
every where meet the obferver's eye; but that 
the narrow limits of the human underftanding 
confine the courfe of our refearches to one fingle 
path ; namely, that of Experiment, or the Ufe 
of our SenfeSv Yet, in this fhort period, Natu- 
ral Philofophy hath rifen to a high pitch of improve- 
ment, and may with truth be faid to have made much 
greater advances towards perfeftion, fince the ex- 
perimental method was introduced, than in the 
many ages before. 

This is true with regard to every branch of Na- 
tural Philofophy ; but more particularly with 
regard to Chymiftry, Though this Science cannot 
be faid to have ever cxifted without experiments, yet 
it laboured under the fame difadvantagcs with 
the reft ; becagfe thofe who ftudied it made all their 
experiments with a view to confirm their own Hypo- 
thefes, and in confequence of principles which had 
no foundation but in their imaginations. 
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•Hencev jtfofe that eaDria<n|» . heap, that incon^ . 
gnxms jfsmblc of fafts^ which fome time ago 
conftuvted ail . the koawledge ot Chymifts. 
Mod of theim and efpociaUy thofe who affumcd 
the pompous tide of Alchymifts, were perfuaded 
that all the Metals were bo other than Nature'i; 
rude unfiniihed cflay s towarda making ' Gold \ 
which, by means of due codion in the bowels of 
the earth, advanced gradually towards p^tturity^. 
till at laft thty became peiiefUy like that heautifbl 
and precious Metal. 

, Oa this principle, which^ . if not demonftraUy 
falfe^ is at Idad utterly deftitute c^ proof, and un« 
flipported by a fingle obfervation, they attempted 
to finifh what Nature had begun, by procuring to 
the imperfed): Metals this much defired codion. 
To attain it they made an infinite number of 
eicperiments and trials; which all confpired to 
deteft the falfity of their fyftcm, and to fatisfy 
men of fenfe that the methods they employed werp 
very far from anfwering the purpofe. 

However, as fafts always promote the know* 
ledge of Nature, it happened that thofe experi-^ 
ments, though quite ufelds with regard to the end 
for which they were originally made, proved the 
occaficm of feveral curious difcoverics. 

Thefe lucky confequenccs of their miftaken la- 
bours raifed the courage of the Chymifts, or ra*? 
ther Alchymifts, who looked upon every fuch 
inftance of fuccefs as a new (tep towards the Grand 
Work, and greatly increafed the fond opinion they 
entertained of thcmfelves, and of their Art, which 
on that account they ftt up very high above all 
other Sciences. Nay, they cart-ied this notion of 
fuperiomy fi> far, as to hold the reft of mankind 
unworthy, or incapable, of rifing to fuch foblime 
knowledge. In confequence thereof Chymiftry 
Ixcame an dccult and my fteiiow^ Science ; its tx*- 

3 preflionsi 
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{^scffions iiiixe all trepesimd figures^ ks^fdiilife^ 
mctaphorkaU and its tuciomsi fo: niaof emgmas * 
in ihort, an obicure umncdKgiblejargoii is the jtifteft 
charaAer of the Akhymiftic Language. : 

Thasy by endeavourkig to conceal theirr&ciecsy 
thofe gentlemen reiideved ^ their Mt nkU& to i 
mankind^ ^ bifooghr:^ it <imo jde&rwd con- 
tenjpt. Btit at lei^h* the genius of true Ph'dofo- 
{^y prevailed in Chym&tf; as welk as in the other » 
Sciences. Scmie great mtn aroie^ ivfao had tgp*> 
nerofity enough to think their knowledge nor-other-, 
5^ays Valuable than as it prorved of fervioe to:Society« 
They did their utmoft to introduce both, tiie know- 
ledge and the practice of many hnpoitant fecfets, till 
then of no uie ; they drew dide the veil which- 
1ml the diarms of Chymiftry ; - and that Science 
dmergftig from the profound ohfcurity, in whk:h 
k had for many- ages lain concealed, gained the ad-« 
miratbn of the world as fbon as it appeared in 
open <foy. Several ibdeties of ir^enious men 
were formed in the moft learned countries of Eu- 
ix^Cj who vied with one another in their labours 
to esKCute the noUe fcheme, and affitted each other 
by mutually communicating their difcoveries. Chy- 
imftry made die moft rapid pogrefs, enriching 
and perfecting the Arts derived from, or depending 
on it. In a word, it put on a new face, 
and became truly worthy €f the title of Science ; 
founding its principte^ and its proceiles on folid 
experiments, and on jaft confequences deduced 
from themt 

: Since that time the Art is rendered fo extcnfive» 
1^ the numerous difcoveries which Chymifis 
have akeady made, ^ and are daily making, that 
large voltimes are required to contain a complete 
Tieatife oivthat febjeft;^ In ftiort,. Chymiftry may 
now, in foit^ * degree, fee compared to Geometry : 
each of thefe Sciences takes in a mofl ample fie!d 

of 
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of enauity,^wbich every ^y mkugoi vcorconfidcra-^ 
bly, frofneadi'Wed0riv.9dfcv€ral AitSjjnoroniy ukfid 
but even ilcccffiuy to Society •, each hack i^:;: . A-uoms 
and its undetmbk principle^, either .uem.'jlratcd 
from internal eridcnce, or founded o;. onftant 
experience-; fo that the one, as well as :ae other, 
may be reduced m certain fundatpeotai i«uchs> on! 
which ail the red are built. Thefe fuodameotal 
truths connedod together, and laid down with or- 
der and precifion, form what wc call the Elements 
of a Sdence. It is well known th^t tlicre are^ many 
fuch works relating to Geometry, but it is not io 
with regard .to Chymiftry ; there beinff very few 
books which treat of this Science in an. ii^ementary 
manner. 

Yet it mull be owned that perfonpances of this 
kind are exceedingly ufefu^ Many vt^ho hfv(;a 
rehfii for the Sciences, but have not leifijrc to rcid 
elaborate Works which treat of them .pi^teJy, 
are glad to meet with a book frpm which, without! 
facrificing too much of their tiirie, or neglefti/ag 
their ordinary bufineft, they may dbmjfi sl tafte qr 
juft notion of a Science thftt^s not their principal 
ftudy . Thofe who incline to go forthcr, and learn; 
more, may, by reading an elcmffltary trad, b^ 
enabled to underftand Authors, who^ as they cpm- 
monly write only for proficientjj in t^e Art, ar^. 
obfcure and hardly intelligible to mere, beginner?,, 
Nay, I prefume to fey thaf an E1^9i§n^ary Treatife 
of Chymiftry may prove a very ufeful boqk^ even 
to thofe who have made forae progrcfs. in tlic Sci- 
ence : fcH" as it contains only the fonda^aental pro- 
pofitiOnS, aad indeed is an. abftr^ Pf! , the . whole 
Art, it may help them tO rccollci^b thjc moft im- 
portant- parts of. what they have re^d in,m^ny dif- 
ferent; works, and fix in their ^memories thp moft 
cflcnrial truths, which might elfe be either con- • 
founded with ochers,.Qr tottrely forgot.,, ^lui the{§ . 
' ' are 
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Me diRs* motives which deceimned* itie to' jpo^ppfe 

Che \\iirk whidt I JiD^ offlbrio thcPuUickwu. '. 
. . Ther.general Han on which X proceed ii to fiipi- 
pofe my Reader an abfolute Nonrice in ChymiSttyft 
CO lead him from the moft fimpie truths^ and fuch 
OS imply the lo weft degree of knowledge, CD fik;h 
BB are more complex,* and requkie a greater ao- 
qiiaincance with Nature. ' This order, which I 
hBVQ laid down for my rule, hath obliged me to 
i>egin with 'examining the moft (impk fubftaiices 
that we know, and which we confider a» the ele- 
ments whereof others are compoied ; /aa, by 
knowing the properties of thefe elementary parita, 
we are naturally led to thofe of their feveral com- 
binations ; and on the other hand, in order to know 
the properties of compound bodies, it is neceftary 
we mould be firft acquainted whh the properties 
of their principles* The fame tieafon indgced tncv 
when enquiring into the properties of one fubftance^ 
to take no notice of thofe which relate to aay other 
fubftance not treated of beibrOi For example ; as 
I treat of Acids before Metals^ I fay nothing un<^ 
der the head of thofe Acids concerning their pc^wer 
of diflblving Metals : that I defer till. I come to 
the fubjeft of Metals : and thus I avoid fpeakinj 
prematurely of a fubftance wich which I fupfx)] 
my Reader wholly Unacquainted. And .this nier 
thod I was fb much the mdre eafily induced to^tblr 
low that i know of no Chymical boc^ written oa 
the lame Plan. 

After dlfcourfing of Elements iir general, I treat 
next of fuch fobftances as are immediately icomr 
pofed of themj and arc, hcxt to. them,? thf moft 
fimple : fuch are all faline fobftances. This head 
compfehends mineral Acids, -fixed Aikalis,. .and 
their fevcrai combinations;- the. volatile iuiphareous 
fpirit, fulphur, phofphofus^ and' the Neutral, feii;s 
whicli l)ave an earth or fixed .Alkali for their ;bar;9; 
t: r . I thofe 
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tjiqfe MfbicK have fir tthcir baiis ekhcr $ vo 
AIka)j, or fome mecalUc ful^aace, are rdkmd^ 
i^qcondiQg to my aeneral Plan,, to the . hea^sj iiocktv 
which I treat of tnofe fiibftaoces* , . ,^, 

Metallic fubilances are fcarce moce qonfipoDndoeli 
than the falioe ^ which induces me to confiaer them 
next. I begin with thofe which are the moft fiofir 
ple^ or at lead feem. to be ib, becauie their prin- 
cipled, Wi^p; "^^y fttongly conne6ted fogpther^ att 
feparated with thegreateft difficulty: fuch are.tlui 
^|etala properly fo called', nanoelyGoldi^Silyser, 
Copper, Iron, Tin, and Lead, A^r thde come 
the Semi-metals in order f to wit, Hegulus . cif 
Antimony, Zinc, Bifmutb, and Regulus.of Ar- 
ienic. Mer<:ury being a dcaibtfuKfubftance,* wtuch 
fome Chymifts rank with the Metals, , and others 
with die Semt*metalsy becauie it a^hialiy poHefTes 
«rtain properties in common with each, I have 
treated ofit in a feparate Chapter, which flands ber 
'tween the Metals and Semi- metals. . 

1 next proceed to examine the . ieveral forti q( 
Oils, whether Vegetable, which are divided into 
fat, eflential, and empyreumatic ; or Animal, and 
Mineral Oils. 

By examining thefe fubftances we obtain 
ideas of all the principles which enter into the 
compofidon of Vegetable and Animal bodies ; that 
IS, of thofe fubftances that are capable of fermenta* 
cion : this, enables me to treat of fermentation in 
general -, of its three different degrees or kinds, the 
fpirituoiis, acetous, and putrid ; and of the pro- 
du&s of thofe fermentations, ardent fpirits, acids 
analogous to thofe of vegetables and animals, 
and volatile alkalis. 

The order in which I treat of all thofe fubftances 
being different from that in which they are obtained 
from compound bodies, I give, in a diftinft Chap- 
ter, a general Idea of Cbymical Decompofition, 

with 
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with a view to (hew the order In wjhich they are 
feparated from the fcvcnd bodies in the cbfri- 
polition whereof thejr are found. This brings 
dtem a fecond time under review^ and gim me an 
opportunity of diftinguiOiing thofe which exift 
naturally in compound bodies, from thofe which 
am only the refult of a new combination of 
fome of their principles produced by the fire. 

The' foccecding Chapter explains the late Mr. 
Geof&oy's Tabic of Affinities •, which I take to 
be of gitat.ufc at the end of an Elementary Traft 
like this, asltcollefts into one point of view the 
moft eflential and fundamental dodrines which are 
diiperfed through the woiic. 

I conclude with an account of the Conftruc- 
tion of fuch Veiiels and Furnaces as are ufually 
employed in Ciiymiftry. 

In this Part I fay nothing of any manual 
operations, or thcf feveral ways of performing Chy- 
mical procefles; referving thefc particulars for 
my Treatife of Praftical Chymiftry, to which this 
muft be confidercd as an Introduction. 
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Of the IPrinciples of Bodies. 

THE Objeft and chief End of Chymi- 
ftry is to feparate the different fubftances 
that enter into the compofition of bodies ; 
to examine each of them apart ; to dif- 
cover their properties and relations ; to decompofe 
thofe very fubftances, if poflible ; to' compare them 
together, and combine them with others j to re- 
unite thenpi again into one body fb as to re- 
produce the original compound with all its pro- 
perties ; or even to produce new compounds that 
never exifted ^mong the works of nature, from 
mixtures of other matters differently combined. 

But thb Analyfis, or Docompofition, of Bodies 

is finite ; for we are unable to carry it beyond a 

certain limit. In whatever way we attempt to go 

Vol. I. B further^ 
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further, we are always flopped by fubftances m 
which we can produce no change, which are inca- 
]^\At oi being reMved into others, and which ftand 
as fo many firm barriers obftru6bihg our pro- 
grefs. 

To thcfe fubftances wc may, in my opinion,, 
give the title of Principles or Elements : at leaft 
they are really fuch with regard to us. Of this 
kind the principal are Earth, Water, Air, and 
Fire. For though dicre be reaion to think that thefe 
are not the firft component parts, or the moft (imple 
elements, of matter; yet, as we know by ex- 
perience that our fcnfes cannot poffibly difcover 
the principles of which they are themfelves com- 
pofed, it feems more reafonable to fix upon them, 
and confidtf them as fimple homogeneous bodies, 
and the principles of the reft, than to tire our minds 
with vain conjectures about the parts or elements of 
which they may confift ; feeing there is no criterion 
by which we can know whether we have hit upon 
the truth, or whether the notions wc have formed 
are mere fancies. We fhall therefore confider thefe 
four fubftances as the principles or elements of all 
the vaiious compounds which nature prefents to our 
ejiquiries : becaufe of all thofe we know they are in 
fafl: the moft fimple -, and becaufe all our decom- 
pofuions, all our experiments on other bodies, plain- 
ly prove that tht^y are at laft refolvable into thele 
primary parts. 

Thele principles do not enter in the fame propor- 
tion into all bodies : there are even, fome mixts in 
the compoficion of which 'this or that particular 
principle is rujt to be found. Thus Air and Wia- 
ter feem to be wholly excluded from the texture of 
Metals : at leaft all the experimeilts . hitherto made: 
on them feem to eftablifti this opinion. 

The fubftances compofed immediately of thefe 
Firfi Elements we fhall call Secondary jPrincipleS -, 

becaufe 
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beciufe in reality their feveral combinations with 
each other^ the interchangeable coalitions that take 
place between them, conftitute the different natures 
of all other bodies 5 which, as they refult from the 
union both of primary and fecondary principles^ 
are properly entitled to the name of Compounds or 
Mixts. 

Before we enter upon the examination of Com- 
pound Subftances, it is necef&ry to confider the moft 
Simple ones, or our four Firft Principles, with fome 
attention, in order to difcovct their chief proper- 
ties. 

§. I. Of A I R. 

Air is that Fluid which lye conftantly 
breathe, and which encompafles the whole furfacc 
of the teiTcftrial globe. Being heavy, like all other 
bodies, it penetrates into all places that are not 
cither abfolutely inacceflible, or filled with fome 
other body heavier than itfclf. Its principal property 
15 to be fufceptible of condcnfation and rarefeuftion ; 
fo that the very fame quantity of Air may occupy a 
much greater, or a much fmaller fpacc, according 
to the different ftate it is in. Heat and cold, or, if you 
will, the prefence and the abfence of the particles of 
Fire, are the moft ufual caufes, and indeed the mea- 
fures, of its condenfation and rarcfaftion : for if a cer- 
tain quantity of ^\t be heated, its bulk enlarges in 
proportion to the degree of heat applied to it ; the 
confequence whereof is that the fame fpace now con- 
tains fewer particles of Air than it did before. Cold 
again produces juft the contrary effed:. 

On this property which Air has, of being con- 
denfed and dilated by heat, its elafticity chiefly de- 
pends. For if Air were forced by condenfation 
into a kfs compafs than it took up before, and 
then expofed to a very confiderabic degree of 
cold, it would remain quite inaftive, without exert- 

B 2 ing 
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ing fuch ah eflbrt as it iifually makes agadnft the 
comprefliog body. On the other hand, th^ dafticity 
of heated Air arifes only from hence, that being rare- 
fied by the action of fire, it requires much more 
room than it occupied before. 

Air enters into the compofition of many fub- 
ftances, efpecially vegetable and animal bodies : for 
by analysing moft of them fuch a confidcrable quan- 
tity thereof is extricated, that icmie naturalifts have 
fufpecbed it to be altogether deftitute of elafticity 
when. thus combined with the other principles in the 
compofition of bodies. According to them the effi- 
cacy of the elaftic power of the Air is fo prodigi- 
ous, and its force when compreflfed fo exceffive, that 
it is not poflible the other component parts of bo- 
dies fhould be able to confine fo much of it in that 
flate of compf eflion which it muft needs undergo, if 
retaining its elafticity it were pent up among them. 

However that be, this elaftic property of the Air 
produces the ihoft 'fihgular and important phe- 
nomena obfervable in the refolution and compofi- 
tion of bodies. 

§. II. 0/ Water. 

Water is a thing fo well known, that it Is 
almoft nredlefs to attempt givmg a general idea of 
it here. Every one knows that it is a tranfparent, 
infipid fubftance, and ufuafly fluid. I fay it is 
ufually lb ; for being expofed to a certain degfce of 
cold it becomes folid : foUdity therefore feems to be 
its moft natural ftate. 

Water expofed to the fire grows hot ; but only 
to a lirnited degree, beyond which its heat never 
rifes, be the force of fire applied to it ever fo vio- 
lent : it is known to have acquired this degree of 
heat by its boiling up with great tumult. . Water 
cannot be made hotter, becaufe it is volatile, and 
incapable of enduring the heat withotit being eva- 
porated and entirely diffipated. 

If 
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If fuch a violent and fudden heat be applied to 
Water as will not allow it time to exhale gently in 
vapours/ as when, for inftance, a fmall quantity 
thereof is thrown upon a metal in fufion, it is difli- 
pated at once with vaft impetuofity, producing a 
mod terrible anfd. dangerous cxplofion. This fur- 
prifing efleft may be deduced from the inftantane- 
ous dilatation of the parts of the Water itfelf, or ra- 
ther of the Air'contained in it. * Moreover, Water 
enters into the texture of many bodies, both com- 
pounds and fecondary principles ; but, like Air, it 
feems to be excluded from the compofition of all 
metals, and moft minerals. For although an im- 
menfe quantity of Water exifts in the bowels of the 
Earth, moiftcning all its contents, it does not there- 
fore follow that it is one of the principles of mine- 
rals. It is only interpofed between their parts ; for 
they may be entirely robbed of it, without any fort 
of decompofition : indeed it is not capable of an 
intimate connexion with them. 

§. III. Of Earth. 

We obfervedthat the two principles above treat- 
ed of are volatile ; that is, the aftion of Fire fcpa- 
rates them from the bodies they help to compofe, 
carrying them quite off, and diffipating them. 
That of which we are now to fpeak, namely Earth, 
is fixed, and, when it is abfoJutely pure, refills the 
utmoft force of Fire. - So that, whatever remains of 
a body, after it hath been expofcd to the power of 
the fierceft Fire, muft be confidcred as containing 
nearly all its earthy principle, and confifting chiefly 
thereof. I qualify my expreffion thus for two rea- 
fons : the firft is, becaufe it often happens, that this 
remainder does not adually contain all the Earth 
which exifted originally in the mixt body decompo- 
fed by Fire ; fince it will afterwards appear that 
Earth, though in its own nature fixed, may be ren- 
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dered volatile by being intimately uhited with other 
lubdances which are lb ; and that, in fa£t, it is 
common enough for part of the Earth of a body to 
be thus volatilized by its other principles : the fe- 
cond is, that what remains after the calcination of a 
body is not generally its Earth in perfe6t purity, 
but combined with fome of its other principles, 
which, though volatile in their own natures, have 
been fixed by the union contracted between it and 
them. We (hall, in the fequel, produce fome 
examples to illuftrate this theory. 

Earth therefore, properly fo called, is a fixed 
principle which is permanent in the Fire. There is 
reafon to think it very difficult, if not impoffible, to 
obtain the terrene principle wholly free from every 
other fubftance : for after our utmoft endeavours to 
purify them, the Earths we obtain from difierent 
compounds are found to have different properties 
according to the different bodies from which they are 
procured ; or elle, if thofe Earths be pure, we muft 
allow them to be eflentially different, feeing they 
have different properties. 

Earth, in general, with regard to its properties, 
may be diftributed into fufibk^ and unfujible ; that 
is, into Earth that is capable of melting or beco- 
ming fluid in the Fire, and Earth that cpnflantly 
remains in a folid form, never melting in the ftrong- 
eft degree of heat to which we can expofe it. 

The former is alfo called vitrlfiabk^ and the fe- 
cond unvitrifictble Earth ; becaufe, when Earth is 
melted by the force of fire, it becomes what we 
cail^/^y>, which is nothing but the parts of Earth 
brought into nearer contaft, and more clofely united 
by the means of fufion. Perhaps the Earth, which 
we look upon as unc^pable of vitriiication, might 
be fufed ii We could apply to it a fuEcicnt degree 
of h?at. It is at leaft certain that fome Earths, or 
llones, which feparately refift the force of Fire fo 

that 
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that they cannot be meked, bcoDriie fiifible when 
miKd together. Experience convinced Mr do Ha- 
md that lime-ftone and flate are of this kind. It is 
however undoubtedly trie that one Eaith difiers 
from another in its degrpe of fufibiiity : and this 
gives ground to believe, that there nruy be a fpe- 
cies of Earth abfolutcly unvitriAabie in ks n^ure, 
which, being mixed in different proportions with 
fufible Earths, renders them difficult to melt* 

Whatever may be in this, as there are Earths* 
which we are abfolutcly unable to vitrify, that is a 
fufficient reafon for our divifion of them. Unvitri- 
fiable Earths feem to be porous, for they inibibe 
Water 5 whence they have alfo got the name of 
Abforbent Earths. 

§. IV. 0/ Fire. 

The Matter of the Sun, or of Light, the Phlo- 
gifton. Fire, the Sulphureous Principle, the Inflam- 
mable Matter, are all of them, names by which the 
Element of Fire is ufually denoted. But it Ihould 
feem, that an accurate diftinftion hath not yet been 
made between the different ftatcs in which it exifts ; 
that is, between the phenomena of Fire aftually 
cxifting as a principle in the compofition of bodies, 
and thofe which it exhibits when exifting foparately 
and in its natural ftatc : nor have proper diftinft 
appellaticms been affigned te it in thofe different 
circumftances. In the latter ftate we may properly 
give it the names of Fire, Matter of the Sun, of 
Light, and of Heat; and may confider it as* a 
fubftance compofed of infinitely fmall particles, con- 
tinually agitated by a mod rapid motion, and of 
confequence, efl*entially fluid. 

This fubftance, of which the fun may be called 
the general refervoir, fcems to flow mcellantly from 
that fource, diffufing itfelf over the world, and 
through all the bodies we know \ but not as a prin- 
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pic, or dTential part of them, fince they may be 
deprived thereof, at leafl: in a great meafure, with- 
out fuffering any decompofition. The greatcfl: 
change produced 05 them, by its prefcnce or its ab- 
jfence, is the rendering them fluid or folid : fo that 
all other bodies may be deemed naturally folid ; Fire 
alone efibntially fluid, and the principle of fluidity 
in others. This being prefuppofed. Air itftlf might 
become folid, if it could be entirely deprived of the 
Fire it contains ; as bodies of mod difficult fulion 
become fluid, when penetrated by a fufficient quan- 
tity of the particles of Fire. 

One of the chief properties of this pure Fire is to 
pei>etrate eafily into all bodies, and to diflufe itfelf 
among them with a fort of uniformity and equality : 
for if a heated body be contiguous to a cold one, the 
former communicates to the latter all its excefs of 
heat, cooling in exad prpportion as the other warms, 
till both come to have the very fame degree of 
heat. Heat, however, is naturally communicable 
fooneft to the upper parts of a body; and confe- 
quently, when a body cools, the under parts become 
foonefl: cold. It hath been obferved, for inftance, 
that the lower extremity of a heated body, freely 
. fufpended in the air, grows cold foaner than the 
upper ; and that when a bar of irpn is red-hot at one 
end, and cold at the other, the cold end is much 
iboner heated by placing the bar fo tlm the hot 
end may be undermoft, than when that end is 
turned uppermoft. The levity, of the matter of 
,Fire, and the vicinity of the Earth, piay poflibly be 
the caufes of this phenomenon. 

. Another property of Fire is to dilale all bodies 
into which it penetrates. This hath alr^^dy been 
fhewn with re^rd to Air and Water ^ and it pro- 
duces the fame efFedt on Earth. 

Fire is the moft powerful agent we can employ 
to decQfnpofe bodies; an4 the grcafeft degree pf 
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heat pitxiucible by man, is that excited by the rays 
of the fun collefted in the focus of a Urge burning- 
glafs. 

§. V. 0/ /A^ Phlogiston. 

From what hath been faid concerning the na- 
ture of Fine, it is evidently impoflible for us to fix 
and' confine it in any ' body. Yet the phenome- 
na attending the combuftion of inflammable bodies 
(hew that they really contain the matter of Fire as a 
conftitueht .principle. By what mechanifm then is 
this fluid, which is fo fubtile, fo aftive, fo difBcult 
to confine, fo capable of penetrating into every 
other fubftance in nature ; how comes it, I fay, to be 
fo fixed as to make a component part of the moft 
folid bodies ? It is no eafy matter to give a fatisfac- 
tory anfwer to this quefl:ion. But, without pre- 
tending to guefs the caiife of the phenomenon, let 
us reft contented with the certainty of the faft, the 
knowledge of which will undoubtedly procure us 
confiderable advantages. Let us therefore examine 
the properties of Fire thus fixed and become a 
principle of bodies. To this fubfl:ance, in order to 
diftinguifh it from pure and unfixed Fire, the chy- 
mifts have afligned the peculiar title of the Phlo- 
. giftcn^ which is indeed no other than a Greek word 
/or the Inflammable Matter ; by which latter name, 
as well as by that of the Sulphureous Principle, it is 
alfo fometimes called. It difl^ers from elementary 
Fire in the following particulars, i. When united 
to a body, it communicates to it neither heat nor 
light. 2. It produces no change in its ftatc, whe- 
ther of folidity or flukfity •, fo that a folld body does 
not become fluid by the acceflion of the Phlo^ifton, 
and vke verfa ; the folid bodies to which it is joined 
being only rendered thereby more apt to be fufed by 
. the force of the culinary fire. 3. We can convey it 
from the body with ^Rfhich it is joined into another 

My, 
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body, fo that it Ihall enter into the compofirion 
thereof, and remain fixed in it. 

On this occafion both thefe bodies, that which is 
deprived of the Phlogiiton and that which receives 
it, undergo very confiderable aherations ; and it is 
this lad circumftance in particular that obliges us to 
diftinguifh the Phlogifton from pure Fire, and to 
confider it as the element of Fire combined with 
fome other fubftance, which fcrves it as a bafis for 
conftituting a kind of fecondary principle. For if 
there were no difference between them, we ihould 
be able to introduce and fix pure Fire itfelf whcre- 
ever we can introduce and fix the Phlogifton : yet 
this is what we can by no means do, as will appear 
from experiments to be afterwards produced. 

Hitherto Chymifts have never been able to obtain 
the Phlogifton quite pure, and free from every other 
Jubftance : for there are but two ways of feparating it 
from a body of which it makes a part ; to wit, 
cither by applying fome other body wkh which it 
may unite the moment it quits the former; or clfe 
by calcining and burning the compound from which 
you defire to fever it. In the former cafe it is evi- 
dent that we do not get the Phlogifton by itfelf, 
becaufe it only pafles from one combination into 
another ; and in the latter, it is entirely diflipated 
in the decompofition, fo that no part of it can pof- 
fibly be fecured. 

The inflammability of a body is an infallible fign 
that it contains a Phlogifton ; but from a body's 
not being inflammable, it cannot be inferred that it 
contains none : for experiments have demonftrated 
that certain metals abound with it, which yet are 
by no means inflammable. 

Wc have now delivered what is moft neceflary to 
be known concerning the principles of bodies in 
general. They have many other properties befides 
thofe above-mentioned; but we cannot properly 

take 
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take notice of them here, bccaufe they prefuppofe 
an acquaintance with feme other things relating to 
bodies of which we have hitherto faid nothing; in- 
teniding to treat of them in the fequel as occafion 
fliall offer. We' fhall only obfervc in this place, 
that when animal and vegetable matters are burnt in 
fuch a manner as to hinder them from flaming, fome 
part of thePhlogifton contained in them unites inti- 
mately with their moft fixed earthy parts, and with 
them forms a compound that can be oonliimed only 
by making it red-hot in the open air, where it 
fparkles and waftes away, without emitting any flame. 
This compound is called a CoaL We Ihall enquire 
into the properties of this Cosd under the head of 
Oils : at prefent it fuffices that we know in general 
what it is, and that it readily communicates»to other 
bodies the Phlogifton it contains. 
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j4 general View of the Relations or 
Affinities between Bodies. 

BEFORE we can reduce compound Bodies 
to the firft principles above pointed out, we 
obtain, by analyfing them, certain fubftances which 
are ihdeed more fimple than the bodies they helped 
to compofe, yet are themfelves compofed of our pri- 
mary principles. They are therefore at one and the 
fame time both principles and compounds ; for 
which reafon we (hall, as was before faid, call them 
by the name of Secondary Principles. Saline and 
Oily matters chiefly eonftitute this clafs. But before 
we enter upon an examination of their properties, 
it is fit we lay before the Reader a general view of 
what Chymifts underftand by the Relations or Affini- 
ties 
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ties of Bodies ; becaufe it is neceflary to know thefe, 
in order to a diftinft conception of the difierent 
combinations we are to treat of. 

All the experiments hitherto made concur with 
daily obfcrvation to prove that different bodies, 
whether principles or compounds, have llich a mu- 
tual Conformity, Relation, Affinity, orAttraftion, if 
you will call it fo, as difpofes fome of them to join 
and unite together, while they are incapable of con- 
trafting any union with others. This efFeft, what- 
ever be its caufe, will enable us to account for, and 
conned together, all the phenomena that Chy- 
miftry produces. The nature of this univcrfal af- 
feftion of matter is diftindly laid down in the fol- 
lowing propofitions. 

Firft, If one fubftance has any Affinity or con- 
formity with another, the two will unite together, 
and form one compound. 

Secondly, It may be laid down as a general rule, 
that all fimilar fubftances have an Affinity with each 
other, and are confequently difpofcd to unite j as 
water with water, eartn with earth, 6?r. 

Thirdly, Subftances that unite together lofe fome 
of their feparate properties ; and the compounds re- 
fulting fi om their union partake of the properties 
of thofe fubftances which ferve as their principles. 

Fourthly, The fimpler any fubftances are, the 
more perceptible and confiderable are their Affinities : 
whence it follows, that the lefs bodies are com- 
pounded, the more difficult it is to analyfe them ; 
that is, to feparate from each other the principles of 
which they confift. 

Fifthly, If a body confift of two fubftances, and 
to this compound be prefented a third fubftance 
that has no Affinity at all with one of the two pri- 
mary fubftances afdrefaid, but has a greater Affinity 
with the other than thofe two fubftances have with 
each other, there will enfue a decgmpofition, ?nd $i 
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new union'; that is, the third fubftance will feparate 
the two compounding fubftances from each other^ 
coalefce with that which has an Affinity with it, form 
therewith a new combination, and difengage the 
other, wjiich will then be left at liberty, and fuch 
as it was before it had contracted any union. 

Sixthly, It happens fometimes that when a third 
fubftance is prcfented to a body confifting of two 
fubftances, no decompoiidon follows *, but the two 
compounding fubftances^ without quitting each 
other,, unite with the ifubftance prefented to them, 
and form a combination of three principles: and 
this comes to pafs when that third fubftance has an 
equal, or nearly equal. Affinity with each of the com- 
pounding fubftances. The fame thing may alio 
happen even when the third fubftance hath no 
Affinity but with one of the compounding fubftances 
only. To produce fuch an effed:, it is Sufficient that 
one of the two compounding fubftances have to the 
third body a Relation equal, or nearly equal, to that 
which it has to the other compounding fubftance 
with which it is already combined. Thence it fol- 
lows, that two fubftances, which, when apart from 
all others, are incapable of contradting any union, 
may be rendered capable of incorporating together 
in fome meafure, and becoming parts of the fame 
compound, by combining with a third fubftance 
with which each of them has an equal Affinity. 

Seventhly, A body, which of itfelf cannot dfc^ 
compofe a compound confiftingof two fubftances, be- 
caufe, as we juft now iaid, they have a gr6ater Affinity 
wich each other than it has with either of them, be- 
comes neverthelefs capable of fcparating the two by 
yniting with one of them, when it is itfelf combing 
with another body having a degree of Affinity with 
that one fufficient to compenfateits own want thereof. 
In that cafe there are two Affinities, and thence enfucs 
.a double decompofition and a double combination* 

Thefe 
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Thefe fundamental truths, from which we fliall 
deduce an explanation of all the phenomena in 
Chymiftry, will be confirmed and illuftrated by 
afsplying them, as we Ihall do, to the feveral 
«afe3, of which our dcfign in this Treatife obliges • 
us to give a circumftantial account. 
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CHAP. III. 

Of Saline Subjtanccs in general. 

IF a particJe of water be intimately united with a 
particle of earth, the refult will be a new com- 
pound, which, according ^ our third propofitioa 
of Affinities, will partake of the properties of earth 
and of water ; and this combination principally forma 
what is called a Saline Suifiance. Confequently 
every faline Subftance muft have an affinity with 
earth and with water, and be capabld of uniting 
with both or either of them, whether they be fepnrate 
or mixed together;, and accordingly this property 
.cfaaraftcrifca all Salts or Saline Subftances in general. 
. Water being volatile and Earth fixed, Salts in 
general are kis volatile than the former, and lefs 
&ced than the latter-, that is, fire, which cannot 
volatilize and carry off pure earth, is capable of 
Wifefying and volatilizing a Saline Subftance ; btu; 
then this requires a greater dtgree of heat than is 
neceflary for producing the fame efredis on pure 
water. 

There are feveral forts of Salts, differing from one 
another in refpeft either of the quantity, or the qua- 
lity of the earth in their compofition •, or laftly, they 
dilier on account of fome additional principles, which 
not being combined with them in fufficient quantity 
to hinder their Saline properties from appearing, 

permit 
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|)efirtit them co retain the name c^ Sahs» though 
jhey render them very different from the fioiplelt 
Saline Subftances. 

It is eafy to infer from what has been faid of Salts 
m generaU th^ fome of them muft be more, fome 
kfs, fixed or volatile than others, and fome more, 
Jfbmc lef$, difpofed to unite with water, with earth, 
or with particular forts of earth, according to the 
nature or the proporticm of their principles. 

Before we proceed fiirther, it is proper juft to 
mention the principal reafons which induce us to 
think that every Saline Subftance is adually a com- 
bination oi eardi and water, as we fuppofed at our 
cnBcring on this fubjedt. The firft is, the conformity 
Salts liave with earth and water, or the properties 
they pofieis in common wkh both. Of thefe pro- 
perties we ftiftll treat fully, as occafion offers to con- 
fider them, in examining the feveral forts of Salts. 
The iecQiid is^ that all Salts- may be a<3:ually re- 
£)lyed into earth and water by fiindry procefles ; par- 
lacularly by repeated diffolution in water, evapora- 
tion, deficcation, and calcination. Indeed the Chy- 
mifts have not yet been able to produce a Saline 
Subftance,. b|^ combining earth and water together^ 
This favours a fuffHcion, that befides thefe two there 
is fome other principle in riie compofition of Salts 
which efcapes our refearches, becaufe we cannot 
prcferve it when we deoompofe them : but it is fuffi- 
xrient to our putpofe, that water and earth are do- 
monftrably amongft the real principles of Saline 
^ubftances^ and that no experiment hach ever ihewn 
us any other. 

§. I. Of A c I D s. 

Of all Saline Subflances, the fimpleft is that called 

an y^cid^ on account of its tafte ; which is like that of 

, verjuice, forrel, vinegar, and other four thii^s, which 

for the fame reafon are alio called Acids. By this 

peculiar 
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pctuliat tide arc Acids chiefly known. They have 
moreover the property of* turning all the blue and 
violet colours of vegetables red, which dillinguiflies 
them from all other falts. 

The form under which Acids moft commonly 
appear, is that of a tranfparcnt liquor; though 
lolidity is rather their natural fl:ate% This is owing 
to their affinity with water ; which is {o great that, 
when they contain but juft as much of it as is ne^ 
oefTary to conftitute them Salts, and confequently 
have a folid form, they rapidly unite therewith the 
moment they come into contaft with it : and as the 
air is always loaded with moifture and aqueous va- 
pours, its conta£t alone is fufficient to liquify them ; 
becaufe they unite with its humidity, imbibe it 
greedily, and by that means become fluid. We 
therefore fey, they attraft the moifture of the air. 
This change of a fait from a folid to. a fluid ftate, 
by the fole contad: of the air, is alfa called Deliquium ; 
fo that when a fait changes in this manner from a 
Iblid into a fluid form, it is faid to run per deliquium. 
Acids being the fimpleft fpecies of Saline bodies, 
their affinities with difierent fuhftances are flronger 
than thofe of any other fort of fait with the fame 
fubftances ; which is agreeable to our fourth propo- 
fition concerning Affinities. 

Acids in general have a great affinity with earths : 
that with which they moft readily unite is the. un- 
vitrifiable earth to which we gave the name of 
abforbent earth. They feem not to aft at all upon 
vitrifiable earths, fuch as land ; nor yet upon fome 
other kinds of earths, at leaft while they are in their 
natural ftate. Yet the nature of thefe earths may 
be in fome meafure changed, by making them red 
hot in the fire, and then quenching them fuddenly 
in cold water : for by repeating this often they arc 
brought nearer to the nature of abforbent earths, and 
rendered capable of uniting with Acids. 

9i When 
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When an Acid liquor is mixed with anabforbent 
earth, for inftance with chalk, thefe two fubftances 
inftantly rufti into union with fo much impetuofity, 
clpecially if the Acid liquor be as much dephlcg- 
mated, or contain as^ltttle water, as may be, that a 
great ebulliion is immediately produced, attended 
ivith confidcrable hiding, heat, and vapours, which 
rife the very inftant of their conjundion; 

From the combinaticm of an Acid with an ab- 
forbenr earth there arifes a new compound, which 
ibme Chymifts have called Sal Salfum ; becaufe the 
Acid by uniting with the earth lofes its four tafte^ 
and acquires another not unlike that of the common 
fea-falt ufed in our kitchens ; yet varying according 
to the different forts of 1^ cids and earths combined 
together. The Acid at the fame time lofes its pro- 
perty of turning vegetable blues and violet colours 
red. 

If we enquire what is become of its propenfity to 
unite with water, we (hall find that the earth, which 
of itfelf is not foluble in water, hath by its union 
with the Acid acquired a facility of diflblvtng there- 
in ; fo that our Sal Salfum is ibluble in water. But, 
on the other hand, the Acid hath, by its union with 
the earth, loft part of the affinity it had with water ; 
fo that if a Sal Salfum be dried, and freed of all 
fuperfluous humidity, it will remaiain that dryfolid 
form, inftead of attradting the moifture of the air 
and running per ieliqumm^ as the Acid would do 
if it were pure and unmixed with earth. However, 
this general rule admits of fome exceptions ; and 
we (hall have occalion in another place to take 
notice of certain Combinations of Acids with earths, 
which ftill continue to attadt the moifture of the 
air, though not fo ftrongly as a pure Acid. 

AcjDS have likewife a great affinity with the 
Phlogifton. When we come to treat ot each Acid 
in particular, we ftiall examine the combinations of 

YoL. I. C each 
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each with the Phlo^on : they differ fo widely from 
one another, and many of them are fo little known, 
that we cannot at prefent give any general idea of 
them. 

§. II. 0/ A L K A L I s. 

. Alkalis are Saline con>bination& in which diere 
is a greater proportion of earth than in Acids. The 
principal arguments chat may be adduced to prove 
this fad are thefe : Firft ; if they be treated in the 
manner propofed above for analyzii^ Saline Sub- 
ftances, we obtain 6:0m them a much greate/ 
quantity of earth than we do from Acids. Se- 
condly, by combining certain Acids with certain 
earths we can produce Alkalis ; or at lead fuch 
ikline compounds as greatly refemble them. Our 
third and laft ai^ument is drawn from the pro- 
perties of thofe Alkalis which, whp pure and un- . 
adulterated with any other principle, have leis affi- 
nity with water than Acids have, and are alfb iH<m 
fixed, refifting the utmoft force of fine. On this 
account it is that they have obtained the title of 
Vi>ced\ . as well as to diftinguiih them frcxn another 
fpecies of Alkali, to be confidered hereafter, which 
fs impure and volatile. 

Though fixed Alkalis, when dry, luftain the ut* 
moft violence o£ fire without flying off^ in vapours, 
it is remarkable that^ being boiled with water in an 
open vcffel, confiderable quantities di them rife 
with the fteams : an cfil-ft which muft be attributed 

» 

to the great affinity between thefe two fubftances, 
by means whereof water communicates feme part of 
its volatility to the fixed fait. 

m 

Alkalis freed of their fuperfluous humidity by 
calcination attraft the moifture of the air, but not 
fo ftrongly as Acids : fo that it is eafier 10 procure 
and prefer ve them in a folid form. 

They 
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They flow in cbe fire, and zrt then capable of 
uniting wkh yitrifiable earths, and of fopming there- 
with tme glais ; which, however, will partake 
of their propertias, if they be ui^ in fuffieient 
quantity. 

As they melt more readily than vitrifiable earth, 
they factlitato its fuKion ; fi> that a Ti^aker fire wiR 
reduce it to gi^s when a fixed Alkafi is joined widi 
it, than will melt it widK>ut that addition. 

Alkalis are known by their tafte, which is acrid 
and fkrjr ; and by the pfopenie^ they poflefs of turn- 
ing certain vegetable blues and violet colouils green 5 
j^rticularJy fyrop of violets. 

Their affinity with Acids is greater than that of 
abferbent earths ; and hence it comes to pafs that 
if an Alkidi be prelented to a combisiatk)n of an 
Ackl with an ab£>rbent earth, the earth will be 
feparated from the Acid by the Alkali, . and a new 
itfnonibetween the Acid and the Alkali will take 
place. This is both 3Xk inftance and a proof of our 
£fth propofition concerning Affinities. 

If a pure Alkali be prefented to a pure Acid^ 
they ntfli together with violence, and produce the 
&me phenomena as were obferved in the union of 
an abforbent earth with an Acid ; but in a greater 
and more remarkable degree. 
. Fixed Alkalis may in general be divided into two 
ibf ts : one of thefe hath all the above recited pro- 
perties \ but die other pofiefles fome that are pecu- 
liar u» ideif . We (hall confider this latter fort more 
particularly under the head of Sea-Salt. 

§. III. Of Neutral Salts. 

T J^ £ Acid and the Alkali thus uniting mutually 
job each other of thdr chara£):eriftic properties; 
f& thait the compound refuUing from their uni<^ 
jproduees no change in the Uuc colours of vege- 
table;!, and has a tafte which is neither ibur nor 

C 2 acrid. 
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acrid, but faltifh/- A faline combination of this 
kind is for that reafon named SalSalfumy Sal Medium^ 
or a Neutral Salt. Such combinations are alfo called 
by the plain general name of Salts. 

It muft be obferved that, in order to make thefe 
Sales perfedtly Neutral, it is neceflary that neither of 
the two faline principles of which they are com- 
pounded be predominant over the other ; £3r in that 
cafe they will have the properties of the prevailing 
principle. The reafon is this: neither of thele 
faline fubftances can unite with the other but in a 
limited proportion, beyond which there can be no 
further coalition between them. The adtion by 
which this perfefb union is accompliflied is termed 
Saturaiian \ and the inftant when fuch proportions <^ 
the two faline fubftances are mixed together, that 
the one is incorporated with as much of the other 
as it can pofTibly take up, is called the Point of 
•Saturation. All this is equally applicable to the 
combination of an Acid with an abforbent earth. 

The combination is known to be perfeft, that is, 
the Poipt of Saturation is known, to be obtained, 
when after repeated afTufions of an Acid in fmall 
quantities to an Alkali, or .an abforbent earth, we 
find thofe phenomena ceafe, which in fuch cafes 
conilantly attend the confltd: of union, as we faid 
above, • namely, ebullition, hiffing, (Sc. and we 
may be afTured the Saturation is complete when the 
new compound hath neither an acid nor an acrid 
tafte, nor in the leaft changes the blue colours of 
veo;etables. 

Neutral Salts have not fo great an affinity with 
water as either Acids or Alkalis have ; becaufe they 
are more compounded : for we obferved before, 
that the affinities of the moft> compounded bodies 
are generally weaker than thofe of the moft fimple. 
In confequence hereof few Neutral Salts, when dried, 
attract the moifture of the air ; and thofe that do, 

attraft. 
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attraft it more flowly and in lefs quantity than either 
Acids or Alkalis do. 

All Neutral Salts are foluble in water ; but more 
or lefs readily, and in a greater or fmaller quantity, 
according to the nature of their component prin- 
ciples. 

Water made boiling hot diflblves a greater quan- 
tity of thofe falts which do not attraft the moifture 
of the air, than when it is cold ; and indeed it mufl: 
be boiling hot to take up as much of them as it is 
capable of diffolving : but as for thofe which run 
in the air; the difference, if there be any, is im- 
perceptible. 

Some Neutral Salts have the property of Ihooting 
into cryftals, and others have it not. 

The nature of Cryftallization is this : Water 
cannot diffolve, nor keep in folution, more than a 
determinate quantity of any particular Salt : when 
therefore fuch a quantity of water is evaporated from 
the foUkion of a Salt capable of cryftallization, that 
the remainder contains juft as much Salt as it can 
diffolve, then by continuing the evaporation the Salt 
gradually recovers its folid form, and concretes into 
feveral little tranfparent malTes called Cryftals. 
Thefe cryftals have regular figures, all differing 
from one another according to the fpecies of Salt 
of which they are formed. Different methods of 
evaporating faline folutions have different effefts on 
the figure and regularity of the cryftals ; and h each 
particular fort of Salt requires a peculiar method of 
evaporation to make its cryftals perfeftly regular. 

A folution of Salt defigned for cryftallization is 
ufually evaporated by means of fire to a pellicle ; 
that is, till the Salt begin to concrete; which is 
perceived by a kind of thin dark Ikin that gathers 
on the furface of the liquor, and is formed of the 
cryftallized particles of Salt. When this pellicle 
appears the folution is fuffered to cool, and the cry- 

C 3 ftals. 
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fials form therein fafter . or (lower according to die 
fort of Salt in hand. If the evaporation be car- 
ried on brilkly to perfcft dryncfs, no cryftals will be 
formed , and only an irregular mafs of Salt will be 
obtained. 

The reafons why no cryftals appear when th^ 
evaporation is haftily performed, and carried on to 
drynefs, are, firft, that the particles of Sale, being 
always in motion while the iblution is hot, have not 
time to exert their mutual affinities, and to unite 
together as cryftallization requires : fecondly^ that 
a certain quantity of water enters into the very com- 
pofition of cryftals ; which is therefore abfolutely 
neceflary to their formation, and in a greater or 
fmaller proportion according to the nature of the 
Salt*. 

If thefe cryftallized Salts be expofed to tbe Bre, 
they firft part with that moifture which is not ne- 
ceflary to a faline concretion, and which they re- 
tained only by means of their cryftallization : aftei^ 
wards they begin to flow, but with differeiiit degrees 
of fufibility. 

It muft be obferved that certain Salts melt as 
foon as they are expofed to the fire ; namely, thofe 
which retain a great deal of water in cryftallizing. 
But this fluor which they fo readily acquire muft be 
carefiilly diflinguiflied from aftual fufion : for it is 
owing only to their fuperfiuous humidity, which 
heat renders capable of diflblving and liquifying 
them ; fo that when it is evaporated the Salt ceafes 
to be fluid, and requires a much greater degree of 
fire to bring it into real fufion. 

The Neutral Salts that do not cryftalUze may, 
indeed, be dried by evaporating tbe water which 

• Thofe who have the curiofity to fee a more particular ac- 
count of the ciyftallization of Neutral Salts, may read Mr. 
Jiouelle's excellent Memoir on that Subjeft among thofe of tho 

A«4emy of SQence3 for 1 744, 
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keeps them fluid ; but by becoming folid they ac- 
quire no regular form; they again attra(5t the 
moiilure of the air, and are thereby melted into a 
liquor. Thefe may be called Liquefcent Salts. 

Mofl: of the Neutral Salts, that confift of an Acid 
joined with a fixed Alkali, or with an abforbent earth, 
are themfelves fixed and refift the force of fire ; yet 
feveral of them, if they be diflblved in water and 
the Iblution boiled and evaporated, fly off along 
with the fleams. 



CHAP. IV. 
Of the fever al Sorts of Saline Subjiances. 

§. I. Of the Universal Acid. 

TH E Univerfal Acid is io called, becaufe it is 
in faft the Acid which is moft univerfally 
diflufed through all nature, in waters, in the at- 
mofpherc, and in the bowels of the earth. But it 
is feldom pure ; being almoft always combined with 
fome other fubftancc. That from which we obtain 
it with mod eafe and in the greatefl: quantity is 
vitriol, a mineral which we fliall confider afterwards : 
and this is the reafon why it is called the Vitriolic 
Acid\ the name by which it is befl known. 

When the Vitriolic Acid contains but little phlegm, 
yet enough to give it a fluid form, it is called Oil 
of Vitriol 5 on account of a certain un6hiofity be- 
longing to it. In tnith this name is very improperly 
befliowed on it *, for we fliall afterwards lee that, 
bating this unduoufnefs, it has none of the properties 
of oils. But this is not the only impropriety in 
names we fliall have occafion to cenfure. 

C 4 If 
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If the Vitriolic Acid contain much water it is 
then called SpirU of ViirioL When it does not 
contain enough to render it fluid, and fo is in a iblid 
form, it is named the Icy Oil of VitrioL 

When Oil of Vitriol highly concentrated is mixed 
with water, they rufli into union with fuch im- 
petuoficy that, the moment they touch each other, 
there arifes a bi(&ng noife, like that of red-hot iron 
plunged in cold water, together with a very con- 
liderable degree of heat proportioned to the d^ree 
in which the Acid was concentrated. 

If iiiftead of mixing this concentrated Acid with 
water, you only leave it expofed to the air for Ibme 
time, it attracts the moiilure thereof, and imbibes 
it mofl greedily. Both its bulk and its weight are 
increaied by this acceflion ; and if it be under an 
icy form, that is, if it be concreted, the phlegm 
thus acquired will foon lelblve it into a fluid. 

The addition of water renders the Vitriolic Acid, 
and indeed all other Acids, weaker in one lenie % 
which is, that when they arc very aqueous they 
leave on the tongue a much fainter tafte of acidity, 
and are le(s a6Hve in the folution of fome particular 
bodies : but that occafions no change in the ftrength 
of their affinities, but in fome cafes rather enables 
them to diflblve feveral fubftances, which, when 
well dephlegmated, they are not capable of at^ 
tacking. 

The Vitriolic Acid combined to the point of 
fatu ration with a particular abforbent earth, the 
nature of which is not yet well known, forms a 
Neutral Salt that ciyftallizes. This Salt is called 
Alum^ and the figure of its cryftals is that of an 
oftahedron or folid of eight fides. Thefe oftahc- 
dra are triangular pyramids, the angles of which arc 
fo cut off that four of the furfaces are hexagons, 
and the other four triangles. 

There 
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There are feveral forts of Alum, which differ ac- 
cording to the earths combined with the Vitriolic 
Acid, Alum diflblves eafily in water, and in cry- 
itallization retains a confiderable quantity of it ; 
which is the reafon that being expofed to the fire it 
readily melts, fwelling and pufEng up as its fuper- 
fluous moifture exhales. When that is quite evapo- 
rated, the remainder is called Burnt Alum, and is 
very difficult to fufe. The Acid of the Alum is 
panly dillipated by this calcination. Its tafte is 
faltilh, with a degree of roughnefs and aftringency. 

The Vitriolic Acid combined with certain earths 
forms a kind of Neutral Salt called Selenites, which 
cryftallizes in different forms according to the nature 
of its earth. There are numberlefs fprings of wa- 
ter infeded with diflblved Selenites ; but when this 
Salt is once cryflallized, it is exceeding difficult to 
diflblve it in water a fecond time. For that pur- 
pofe a very great quantity of water is neceflary, and 
moreover it muft boil ; for as it cools moft of the 
diflblved Selenites takes a folid form, and falls in a 
powder to the bottom of the veflel. 

If an Alkali be prefented to the Selenites or to 
Alum, thefe Salts, according to the principles we 
have laid down, will be thereby decompofed j that 
is, the Acid will quit the earths, and join the Alkali, 
with which it hath a greater affinity. And .from 
this conjua<5lion of the Vitriolic Acid with a fixed 
Alkali there refults another fort of Neutral Salt, 
which is called Arcanum duplicatum, Sal de duobus^ 
^nd Vitriolated Tartar, becaufe one of the fixed 
Alkalis moft in ufe is called Salt of Tartar. 

Viti;iolated Tartar is almoft as hard to diflblve in 
water as the Selenites. It flicots into eight-fided 
cryftals, having the apices of the pyramids pretty 
obtuie. Its tafte is faltifli, inclining to bitter \ and 
it decrepitates on burning coals. It requires a very 
great degree of fire to make it flow. 

The 
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The Vitriolic Acid is capable of uniting with the 
Phlogifton, or rather it has a greater affinity with it 
than with any other body : whence it follows that 
all compounds, of which it makes a part, may be 
decompofed by means of the Phlogifton. 

From the conjunction of the Vitriolic Acid with 
the Phlogifton arifes a compound called Mineral 
Sulphury becaufe it is found perfcftly formed in the 
bowels of the earth. It is alio called Sulpburvivum^ 
or fimply. Sulphur, 

Sulphur is abfoiutely infbluble in water, and ir>- 
capable of contracting any ibrt of union with it. 
It melts with a very moderate degree of heat, and 
fublimes in fine light downy tufts called Flowers of 
Sulphur. By being thus fublimed it fuffers no de- 
compofition, let the operation be repeated ever fo 
often ; fo that Sublimed Sulphur, or Flower of Sul- 
phur, hath cxaftly the fame properties as Sulphur 
that has never been fubKmcd. 

If Sulphur be expofed to a brifk heat in the open 
air, it takes fire, burns, and is wholly coniumed. 
This deflagration of Sulphur is the only means we 
have of decompofing it, in order to obtain its Acid 
in purity. The Phlogifton is deftroyed by the flame, 
and the Acid exhales in v^ours : thefe vapours col- 
lefted have all the properties of the Vitriolic Acid, 
and difl[er from it only as they ftill retain fome por- 
tion of the Phlogifton ; which, however, foon quits 
them of its own accord, if the free accefs of the 
common air be not precluded. 

The portion of Phlogifton retained by the Acid 
of Sulphur is much more confiderable when that 
mineral is burnt gradually and flowly : in that cafe 
the vapours which rife from it have fuch a pene- 
trating odour, that they inftantaneoufly fuffbcate any 
perfon who draws in a certain quantity of them with 
his breath. Thefe vapours conftitute what is called 
the Volatile Spirit of Sulphur. There is reafon to 

think 
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think this portion of Phlogifton which the Acid re- 
tains is combined therewith in a manner different 
from that in which thefe two are united in the Sul- 
phur itfelf 5 for, as has juft been obferved, nothing but 
a/dual burning is capable of feparating the Vitriolic 
Acid and the Phlogifton, which by their union form 
Sulphur ; whereas in the Volatile Spirit of Sulphur 
they feparate ipontancoufly when expofed to the 
open air ; that is, the Phlogifton flies off^ and leaves 
the Acid, which then becomes in every relpeft fimi- 
lar to the Vitriolic Acid. 

That the Volatile Spirit of Sulphur is a compound, 
as we have aflerted it to be, appears evidently from 
hence, that whenever the Vitriolic Acid touches any 
fubftance containing the Phlogifton, provided that 
Phlogifton be difengaged or opened to a certain de- 
gree, a Volatile Spirit of Sulphur is infallibly and 
immediately generated. This Spirit hath all the 
properties of Adds, but confiderably weakened, 
and of courfe lefs perceptible. It unites with ab- 
forbent earths or fixed Alkalis •, and with them forms 
Neutral Salts : but when combined therewith it 
may be feparated from them by the Vitriolic Acid, 
and indeed by any of the mineral Acids, becaufe its 
aflinities are weaker. Sulphur hath the property of 
uniting with abforbent earths, but not near fo in- 
timately as with fixed Alkalis. 

If equal parts of Sulphur and an Alkali be melted 
together, they incorporate with each other; and 
from their conjunftion proceeds a compound of a 
moft unpleafant fmell, much like that of rotten 
eggs, and of a red colour nearly refembling that of 
an animal liver, which has occafioned it to bear th& 
narrte of Hepar Sulpburis^ or Uver of Sulphur. 

In this compofition the fixed Alkali communicates 
to the Sulphur the property of diflblving in water : 
and hence it comes that Liver of Sulphur may be 
made as well when the Alkali is diffoived by water 

into 
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into a fluid, as when it is fufed by the a£)ion of 
fire. 

Sulphur has lefs affinity than any Acid with the 
fixed Alkalis : and therefore Liver of Sulphur may 
be decompounded by any Acid whatever ; which 
will unite with the fixed Alkali, form therewith a 
Neutral Salt, and feparate the Sulphur. 

If Liver of Sulphur be diflblved in water, and 
an Acid poured thereon, the liquor, which was 
tranfparent before, inftantly turns to an opaque 
white*, becaufe the Sulphur, being forced to quit its 
union with the Alkali, lofes at the fame time the 
property of diflblving in water, and appears again 
in its own opaque form. The liquor thus made 
white by the Sulphur is called Milk of Sulphur. 

If this liquor be fufFered to ftand ftill fdr fome 
time, the particles of Sulphur, now moft mi- 
nutely divided, gradually approach each other, 
unite, and fall infenfibly to the bottom of the vcflel ; 
and then the liquor recovers its tranfparency. The 
Sulphur thus depofitcd on the bottom of the veflcl 
is called the Magijiery or Precifitate of Sulphur. 
The names of Magiftery and Precipitate are alio 
given to all fubftances whatever that are feparated 
from another by this method -, which is the realbn 
that we ufe the expreffion of precipitating one fub- 
fiance by another, to fignify the feparating one of 
them by means of the other. 

§. II. 0//i&^ Nitrous Acip. 

It is not certainly known what conftitutes the 
difference between the Nitrous Acid and the Vitriolic 
Acid, with regard to the conftituent principles of 
each. The moft probable opinion is, that the 
Nitrous Acid is no other than the Vitriolic Acid 
combined with a certain quantity of Phlogifton by 

the 
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the means of putrcfaftion. If it be fo, the Phlo- 
gifton muft be united with the Univerfal Acid in 
another mahner than it is in fulphur, and in its vo- 
iatile fpirit : for the Nitrous Acid differs from them 
both in its properties. What gives ground for this 
opinion is, that the Nitrous Acid is never found 
but in earths and ftones which have been impregna- 
ted with matters fubjeft to putrcfadlion, and which 
therefore muft contain the Phlogifton. For it is 
neceffary juft to obferve here, though it 'be not yet 
proper to enter particularly into the fubject, that all 
fubftances fufceptible of putrefaSion really contain 
the PWogifton. 

. The Nitrous Acid combined with certain abfor- 
bent earths, fuch as chalk, marie, boles, forms 
Neutral Salts which do not cryftallize -, and which, 
after being dried, run in the mr per deliquium. 

All thofe Neutral Salts which confift of the Ni- 
trous Acid joined to an earth, may be decompo- 
fed by a fixed Alkali, with which the Acid unites, 
and deferts the -earth; and from this union of the 
Nitrous Acid with a fixed Alkali refults a new 
Neutral Salt which is called Nitre^ or Salt-petre, 
This latter name fignifies the Salt of Stem ; arid ih 
faft Nitre is extracted from the ftones andplaifter, 
in which it forms, by boihng them in water fatu- 
rated with a fixed Alkali. 

Nitre fhoots in long cryftals adhering fideways to 
eatih other : it has a faltifti tafte, which produces a 
fenfation of cold on the tongue. 

This Salt eafily diffolves in water ^ which, when 
it boils, . takes up ftill a greater quantity thereof. 

It flows with a pretty moderate degree of heat, 
and continues fixed therein : but being urged by a 
briflc fire, and in the open air, it lets go fome part 
of its Acid, and indeed flies ofi^ itfelf in part. 
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The moft remarkable property of Nitre, ail4 tiwtf 
which charaderizes it, is its Fulmination or Explo- 
lion 'j the nature of which is as follow^ : 

\M hen Nitre touches any fubftance contaimng. a 
Fhlogiflon, and a<5lually ignited, that is, adually oti 
fire, it burfts out into a flame, bufn$, and is decooi^ 
pounded with much noile. 

In this deflagration the Acid is diffipal^, and 
totally feparated from the Alkali, which now reniains 
by itfelf. 

Indeed the Acid, at leaft the greateft part of it, 
is by this means quite deflroyed. The Alkali 
which is left when Nitre is decompounded by de^ 
gration, is called in gieneral Fixid Niire^ and, more 
particularly. Nitre fixed by fuch and fuch a fubfbocfc 
as was ufed in the operation. But if Nitre be defla- 
grated with an inflammable fubftance containing the 
vitriolic Acid, as fulphur, for inflaace, the fixed 
Salt produced by the deflagration is not a pune 
Alkali, but retains a good deal of the vitriolic Acid, 
and, by combining therewith, ha A now formed a 
neutral Salt. 

Hitherto Chymifls have been at a lofs for the 
reafon why Nitre flames, and is decompounded m the 
manner above mentioned, when it comes in contaS: 
with a Phlogiflon properly circumflanced. For my 
part, I conjefture it to be for the fame reafon that 
virriolated tartar is alfo decompounded by the addition 
of a Phlogiflon ; viz. the Nitrous Acid, having a 
greater affinity with the Phlogiflon than with the 
fixed Alkali, naturally quits the latter to join with 
the former, and fo produces a kind of fulphiir, 
differing probably from the common fulphur, formed 
by the vitriolic Acid, in that it is combuflible to fuch 
a degree, as to take fire and be conftimed in the very 
moment of its produdtion ; fo that it is impolfible to 
prevent its being thus deflroyed, and confequently 
impoITible to fave it. In fupport of this opinion 
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let it b^ confidcred, that the concurrence of the Phlo- 
gtAon \s ^bibkitely neceffary to produce this defla- 
gration, and that the matter of pure fire is altogether 
incapable of ^Sedting it : for though Nitre be ex- 
poied to the moft violent degree of fire, even that 
in the focus of the moft powerful burning-glafs, it 
Avill not flanae ; nor will that effeft ever happen till 
the Niti^ be brought into contact with a Phlogifton 
properly fo called, that is, the njatter of fire exifling 
33 a principle of fome body ; and it is moreover 
neceffary that this Phlogifton be actually on fire, 
and agitated with the igneous motion, or elfe that 
the Nitre itlelf be red-hot, and fo penetrated with fire 
as to kindle any inflammable matter that touches 
it. 

This experiment, among others, helps to (hew 
the diftinftion that, ought to be made betweeen pure 
elementary fire, and fire become a principle of bo- 
dies to which we have given the n^me of Phlogiflon. 

Before we leave this fubjeA, we Iball obferve that 
Nitre deflagrates only with fuch fubflances as con- 
tain the Phlogifton in its fimpleft and pureft form ^ 
fuch 4s charcoaJ, fulphur, and the metalline iub- 
fiances ; and that, though it will not deflagrate 
without the addition of fome combuftible matter, it 
is neverthelefs the only known body that will burn, 
and make other combuftibles burn with it, in clofe 
vcfleU, without the admiffion of frelh air. 

The Nitrous Acid hath not fo great an affinity ^ 
with earths and Alkalis as the vitriolic Acid hath 
with the fame fubftances ; whence it follows that the 
vitriolic Acid decompofes all neutral falts arifing from 
a combination of the Nitrous Acid with an earth or 
an Alkali, The vitriolic Acid expells the Nitrous 
Acid, unites with the fubttance which ferved it for 
a bafis, and therewith forms a neutral fait, which is 
an Alum, a Stlenites, or a vitriolatcd Tartar, accor- 
ding to the nature of that bafis. 

' The 
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The Nitrous Acid, when thus iepanted fmtn its 
bafis by the vitriolic Acid, is named Spirii of Nitre j 
or Aqua Fortis. If it be dephlegmated, or contain 
but little fuperfluous water, it exhales in reddifh va- 
pours ; thefe vapours, being condenfed and colieded, 
form a liquor of a browniOi yellow, that inceflantly 
emits vapours of the fame colour, and of a pungent 
difagreeable fmell. Thefe chambers have procured 
it the names of Smeaking Sprit of Nitre ^ and Tellow 
Aaua Fortis. This property in the Nitrous Acid, 
or exhaling in vapours, Ihcws it to be Ids fixed 
than the vitriolic Acid ; for the latter, though ever 
fb thoroughly dephlegmated, never yields any va- 
pours, nor has it any fmell. 

§- III. Of the Acid of Sea-Salt. 

The Acid of Sea-Salt is fo called becaufe it is in 
faft obtained from fuch Sea-Salt as is ufed in our 
kitchens. It is not certainly known in what this Acid 
differs from the vitriolic and the nitrous, with regard 
to its conftituent parts. Several of the ableft Chy- 
mifts, fuch as Becher and Stahl, are of opinion that 
the Marine Acid is no other than the Univerfal Acid 
united to a particular principle which they call 
a Mercurial Earth. Concerning this earth we (hall 
have occafion to fay more when we come to treat of 
metallic fubftances : But in the mean time it mufl: 
be owned that the truth of this opinion is fo far 
from being proved by a fufficient number of expe- 
riments, that the very exiftence of fuch a mercurial 
earth is not yet well eftabliflied ; and therefore, that 
we may not exceed the bounds of our knowledge, 
we (hall content ourfelves with delivering here the 
properties which charafterize the Acid in queftion, 
and by which it is diftinguifhed from the two others 
confidered above. 

When it is combined with abforbent earths, fuch 
as lime and chalk, it forms a neutral fait that does 

not 
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feot ctyAaHfe^/ and, 'when dried, attraAs the moif- 
ture of the air. If the abforbent earcK be not fully 
iaiufated with the Marine Acid, the fak thereby 
£onned has the properties of a fixed AHcali : and 
this is what made us fay, When we were on the fub- 
je6l of thofe falts, that, they might be imitated by 
conibimng an earth with . an Acid. The Marine 
Acid, like the reft, hath not fo great an affinity 
wiih edriHs as with 'fixed; Alkalis. . 

' When It lis combtAed ^ith the lartei", it forms a' 
neutral fait which fhoots into cubical cryftals, 
Xh^falt is inonnedt'tb grow moiilfin'tiid air,, and 
is confequently one of thofe which water diffblve^* 

in eqcial' ^antities, ^t leaft' as to fenfe^ whether it 
be boiling hot or qiiite'cold. ' \ ' ^ 

Th€f aflihity of ffiis Adtd >itH Alkalis 4hd abfoN* 
bent eartHs is not fo grtat 0k tfet of .the vitridic and 
nitrous Acids with the fame fubftinces : whence it 
ibllows'^ thdt, when cofAbin^d therewith; itYn'ay be fe-^ 
paraded ^rbm them by'citl^cr of' thofe Acids. 
' The Add of Sea-Salt, thus difeh^ged frorA the 
Hibftanti^ which ferVed it foi- a bajfis', ^i^called Spirit 
o/^ Sslfi When it contains but liWij phlegm it is 
of a lemon colour, apd continuaBy ' emits man^ 
white,' very dehfe, and ytty elaftic vapours 5 on 
which accouht it is namerd the Skoking Spirit of 
Salt. Its imell' is not difagteeabld; nof much un- 
like that of fafFron ; but extreniely quick and fuffo- 
eating when it fmokes. . , 

The Acid of Sea-Salt, like the other tWo, ftems 
to have a greater affinity with the Phlogifton, than 
with fixid Alkalis. We are led to this opinion 
by a very curious operation, which gives ground tq 
think that Sea-Salt may be decompoled by the pro- 
per application df a fubftance containing the Phlo- 
gifton, 

» • • • 
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From the Marine Acid combined with a 
gifton refults a kind of Sulphur, differing from the 
common fort in many refpefts ; but particularly in 
this property, that it takes fire of itself upon being 
e:n>oled to the open air. This combination is 
called Engli/b Pbofphorus^ Pbofphorus of Urine, 
becaufe it is generally prepared from urine, or, 
only Pbofphorus. 

This combination of the Marine Acid with a Phio* 

f^fton is not eafily eSedted ; becaufe it requires a 
ifficult operation in appropriated yeflfels. For thcfe 
reafons it does not always fuccecd } and Phofphorus 
is fo fcarce and dear, that hitherto Chymifts have 
not been able to make on it the experiment? ncccf- 
fary to difcovef all its propenies. If Pbofphorus 
be fufiered to burn away in the air, a fmall quantity 
of an acid liquor may be obtained from it, which 
feems to be fpirit of fait, but either altered, or com- 
bined with fome adventitious matter ; for it has fcve- 
ral properties that arc not to be found in the pure 
Marine Acid; fuch as, leaving a fixed fufible fub- 
(lance behind it when expoied to a ftrong fire, and 
being eafily combined with the Phlogifton fo as to 
reproduce a Phofphorus. 

Pholphorus refembles fulphur in feveral of its 
properties : it is foluble in oils ; it melts >^ith a 
gentle heat •, it is very combuftible j it bums with- 
out producing foot ; and its flame is vivid and 
bluifh. 

From what has been faid of the union of the Acid 
of Sea-Salt with a fixed Alkali, and of the neutral fale 
refulting thcrcrfrom, it may be concluded that this 
neutral fait is no other than the common kitchen-falt. 
But it miift be obferved that the fixed Alkali, Mfhich 
is the natural bafis of the common fait obtained 
from fea-water, is of a fort fomewhat differing from 
fixed Alkalis in general, and hath certain properties 
peculiar to itfelf. For, 
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1. The bafis of Sea- Salt differs from other fixed 
Alkalis in this, that it cryftallizes like a neutral fait, 

2. It does not grow moift in the air : on the con- 
trary, ^ when expofed to the air, it lofes part of the 
water that united with it in cryftallization, by which 
means, its cry ftals lofe their tranfparency, become, 
as it were, mealy, and fall into a fine flour. 

3* When combined with the vitriolic Acid to 
the point of faturation, it forms a neutral fait dif- 
fering from vitriolated tartar, firft, in the figure of 
its cryftals, which are oblong fix-fided folids ; fe- 
condly, in its quantity of water, which in cryftalli- 
zation unites therewith in a much greater proportion 
than with vitriolated tartar j whence it follows, that 
this fait diflblves in water more readily than vi- 
triolated tartar; thirdly, in that it flows with a 
very moderate degree of heat, whereas vitriolated 
tartar requires a very fierce one. 

If the Acid of Sea- Salt be feparated from its ba- 
fis by means of the vitriolic Acid, it is eafy to fee 
that, when the operation js fipiflied, the fait we 
have been fpeaking of muft be the refult. A fa- 
mous Chymift, named Glauber, was the firft who . 
extrafted the Spirit of Salt in this manner, examined 
the neutral fait refulring from his procefs, and, 
finding it to have fome fingular properties, called it 
his Sal mirabikj or wonderful Salt : on this account 
it is ftill called Glauber's Sal mirabile^ or plainly 
Glauber*^ Salt, 

4/ When the bafis of Sea-Salt is combined with 
the nitrous Acid to the point of faturation, there 
refults a neutral fait, or a fort of nitre, differii^ from 
the common nitre, firft, in that it attradls the moi- 
fture of the air pretty flrongly ; and this makes it 
difficult to cryftalliife : fecondly, in the figure of its 
cryftals, which are parallelopipeds ; and this has 
procured it the name of ^mdrangular Hitre. 
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Common fait, or the neutral fait formed by ccwp 
bining the Marine Acid with this particular fore 
of fixed Alkali, has a tafte well known to every bo- 
dy. Tlie figure of its cryftals is exaftly cubical. It 
grows moid in the air, and, when expofed to the 
fire, it burfls, before it melts, into many little frag- 
ments, with a crackling noife j which is called the 
Decrepitation of Sea-Salt. 

That neutral fait mentk)ned above, which is 
formed by combining the Marine Acid.\yith a com- 
mon fixed Alkali, and called '6^^/ fehrifugum Syh% 
hath alfo this property. 

India furnilhes us with a faline fubftance, knowa 
by the name of Borax^ which flows very eafily, and 
then takes. the forrii of glafs. It is of gre^t ufe in 
facilitating'the fufion of hnecallic fubftances.. It pof- 
fefles fome of the properties of fixed Alkalis, which 
has ind'ucied certain Chymifts to reprefent'it, through 
miftake, a§ a^pure fixed Alkali. 

by mixing borax with the vitriolic Acid, Mr. 
Honiberg obtained from It a fait, which fublimes ia 
a certain degree of heat, whenever fuch a mixture is 
made. This fait has very fingiilar properties ; but its 
nature is not yet thorougI^ly.underltodd..^It diflblves 
ih water with great difficulty j it. is hpt volatile, 
though itrifcs by fublimation from the borax. ' Ac- 
cording to Mr. Rouelle's obftrvation, it rifes then 
only by means pf the water which carries it up : for 
when once made it abides the fierceft fire, flows and 
vitrifies juft as borax does ; provided care be taken 
to free it previoufly from m.oifture by drying it pro- 
perly. Mr. Homberg called it Sedative Salty on ac- 
count of its medical efFefts. The fedative fait hath 
the appearance, and fome of the properties, of a neu- 
tral fait ; for it (hoots into cryftals, iand does not 
change the colour of violets :' but it a& the part 
of an Acid with regard to Alkalis, uniting with 
them to the point of fatunation, and thereby form- 
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i Ing a true neutral fait. It alio afts, like the Aciii of 
c^ vitriol on all neutral falts ; that is, it difcharges the 
k Acid of fuch as have not the vitriolic Acid in their 
ej compofition. 

:^ Since Mr. Homberg's time, it hath been difcover- 
i cd that a fedativt fait may be made either with the 
nitrous or with the marine Acid; and that fublima- 
I tion is not neceflary to extraft it from the borax, 
j; i?ut that it may be obtained by cryftallization only* 
J Por this latter difcoVery we are indebted to Mr. 
GeofFroy, as we are to Mr. Lemery for the former. 
Since that time M. Baron d' Henouville, an able 
;. Chynnift, hath fliewn that a fedative fait may be 
J obtained by the means of vegetable Acids ; and 
V hath lately demonftrated, in fome excellent papers 
'; publilhed in the colleftion of Memoirs written by 
, the correfpondents of the Academy of Sciences, 
that the fedative fait exifts aftually and perfeftly ia 
the borax, and that it is not prodticed by mixing 
\ Acids wich that faline fubftance, as it feems all the 
! Chymifts before him imagined. This he proves 
• convincingly from his analyfis of borax, (which 
] thereby appears to be nothing elfe but the fedative 
fait united with that fixed Alkali which is the bafis of 
Sea-Salt) and from his regenerating the fame borax by 
uniting together that Alkali and the fedative fait : a 
' proof the moft complete that can poflibly be produ- 
ced in natural philofophy, and equivalent to demon- 
ftration itfelf. 

In order to -finifh what remains to be faid upon 
the feveral forts of faline fubftances, we fiiould now; 
fpeak of the Acids obtained from vegetables and ani- 
mals, and alfo of the volatile Alkalis: but, feeing 
thefe feline fubftances differ from thofs^ of which we 
have already treated, only as they are varioufly alter- • 
ed by the unions they have contraded with certain 
principles of , vegetables and animals, of which no- 
thing has been yet faid, it is proper to defer being' 
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particular concerning them, till Wc hare explained 
thofe principles. 



CHAP. V. 

Of Lime. 

AN Y fubftance whatever, that has been roaftd 
a confiderablc time in a ftrong fire without 
melting, is commonly called a Calx. Stones and 
metals are the principal fubjcds that have the pro- 
perty of being converted into Calces. We fliall 
treat of Metalline Calces in a fubfequent chapter, ' 
and in this confine ourfelves to the Calx of Slonej 
known by the name of Lime. 

In treating of earths in general we obferved that 
they may be divided into twd principal kinds ; one 
of which aftually and properly flows when expofed 
to the aftion of fire, and turns to glafs ; whence it 
is called a fujible or vitrifiable earth ; the other re- 
fifts the utmoft force of fire, and is therefore faid to 
be an unfuftble or umjitrifiable earth. The latter is 
alfo not uncommonly called calcinable earth ; though 
fundry forts of unfufiblejearths are incapable of ac- 
quiring by the adtion of fire all the qualities oi cal- 
cined earth, or Lime properly fo called : fuch earths 
are particularly diftinguifhed by the denomination 
t)f refraSiory eart hs . 

As the different forts of ftones are nothing more 
than compounds of difitrent earths, they have the 
fame properties with the earths of which they are 
compofed, and may, like them, be divided into fu- 
fible or vitrifiable, and unfufible or calcinable. The 
fufible ftones are generally denoted by the name of 
Flints ; the calcinable ftones, again, are the feveral 
fores of marbles, cretaceous ftones, thofe commonly 
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trailed free-ftones, l^c: fome of whichj as they make 
the beft Lime, are, by Way of eminence, called 
JLime-ftones. Sea-fhells alfo, and ftones that abound 
with fbffile (hells, are capable of being burnt to 
Lime. 

All thefe fubftances, being expofed, for a longer 
or Ihorter time, as the nature of each requires, to 
the violent aftion of fire, are faid to be calcined. By 
calcination they lofe a confiderable part of their 
weight, acquire a white colour, and become friable, 
though ever .fo folid before -, as, for inftance, the 
very hardeft marbles. Thefe fubftances, when thus 
calcined, take the name of ^ick Lime. 

Water penetrates Quick Lime, and ruflies into it 
with vaft aftivity . If a lump of newly calcined Lime 
be thrown into water, it inftantly excites almoft as 
great a noife, ebullition, and fmoke, as would be 
produced by a piece of red-hot iron ; with fuch a 
degree of heat too, that, if the Lime be in due pro- 
portion to the water, it will fet fire to combuflible 
bodies ; as hath unfortunately happened to veffels 
. laden with Qiiick Lime, on- their fpringing a fmall 
leak. 

As foon as Quick Lime is ptit into water, it 
fwells, and falls afunder into ah infinite number of 
minute particles : in a word, it is in a manner diflbl- 
vcd by the water, which forms therewith a fort of 
white pafte called Slacked Lime. 

If the quantity of water be confiderable enough 
for the Lime to form with it a white liquor, this 
liquor is called Lac Calcis ; which, being left fome 
time to fettle, grows clear and tranfparent, the Lime 
which was fuipended therein, and occafioned its opa- 
city, fubfiding to the bottom of the veflel. Then 
there forms on the furface of the liquor a cryftalline 
pellicle, fomewhat opaque and dark coloured, which 
being Ikimmed off is reproduced from timQ to time. 
This matter is calleJ Cremor Calcis. 
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Slacked Lime gradually grows dry^ and takes the 
fcrm of a Iblid body, but full of cracks and defbitutc 
of firmftefs. The event is diSerent when you mix 
it up, while yet a pafte, with a certain quaatit}^ of 
uncalcined ftony matter, fuch as fand for example : 
then it takes the name of Mortar^ and gr^ually ac- 
quires, as it grows drier and older,. a.hardqeiH equal 
to that of the beft ftones. This is a very lingular 
property of Lime, nor is it eafy to account for it : 
but it is a beneficial one j for every body knows the 
ufe of mortar in building, 

Quick Lime attrafts the moifture of the air, in 
the fame manner as (concentrated acids, and dry fixed 
alkalis ; but not in fuch quantities as to render it 
fluid : it only falls into extremely fmall particles, 
takes the form of a fine pQwder, and the title of 
Lime flacked in the air. 

Lime once flacked, however dry it may after- 
wards appear, always retains a large portion of the 
water it had imbibed -, which cannot be feparated 
from it again but by rneans of a violent calcination. 
Being fo recalcined it returns to be Quick Lime, 
recovering all its properties. 

Befides this great affinity of Quick Lime with wa- 
ter, which difcovers a faline character, it has fever4L 
other faline properties, to be afterwards examined, 
much refembling thofe of fixed alkalis. In Chy- 
miftry it ^fts very nearly as thofe falts do, and 
may be confidered as" holding the middle rank be- 
tween a pure abforbent earth and a fixed alkali : aad 
this hath induced many* Chymifts to think that 
Lime contains a true fait, to which all the proper- 
ties it poflefles- in.comiiiojii with falts may be attri- 
buted. 

But as the chymicaL examination of this fubjeft 
liath long^ been negleded, the exiftence of a 
iaiine fubftance in Linae hath been long doubt- 
ful, Mi;.' du fay, author pf fome excellent chy-r 
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lasCcal cKjJerindehts, wa« one "of the firft who ob- 
tained a ftit from Lime, by lixiviating it with ^ 
greac deal of water, x*1iicH he afterwards evaporatied, 
ftat die quantity of ifalt he dbtained by that means^ 
wite veiy imaU •, nbr ^as it' of ah alkaline nature, as 
one Would think "it fliould Have been, confideriftg 
the properties of Linle. Mr. du Fay did not carry 
bis cxperimencs on this (bbjeft any further, probably; 
for want of time •, ribr did he determine of what 
nature the fait was, " 

Mr. Malouin had the curjofity to examine this 
ialf of Limt', and fobn found that it was nothing elfe 
but what wajj above called Cremor Calcis, He found 
ifaoreover, thati by mixing a fixed alkali with I^lttfe- 
i*^ater, a virriolated tartar was formed ; t\My %j 
mixing therewith an alkali like the bafis of fea falt^ 
^ Glauber's fait was produced ; and laftly, by com- 
bining Lirne with a fiibftance abounding in phlo- 
gifton he obtained a true fulphur. Thefe very in- 
genious experiments prove to a demonftration that 
the vitriolic acid conftitutes the fait of Lime : for, 
as hath been fhewn, no otTier acid is capable of 
forming fuch combinations. Oh the other hand, 
Mr. Malouin, having forced the vitriolic acid of 
this fait tq combine with a pMdgifton, found its ba- 
fis to be earthy, and analogous to that of the fele- 
nites : whence he concludied that the fait of Lime 
is a true neutral fait, of the fame kind as the fele- 
nites. Mr. Malouin tells us he found feveral other 
falts in Lime. But as none of them was a fixed 
. alkali,^ and as all the faline properties of Lime have 
an affinity with thofe of that kind of fait, there is 
great reafon to think that all thofe falts are foreign' 
to Lime, and that their union with it is merely acci- 
dental. 

I myfelf have made feveral experin}ents in order 
to get fome infight into the faline nature of Lime, 

and 
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and ihall here produce the refulc with alt poflible 
concifeneis. I took feveral (tones of difierent 
kinds^ fome of which produced by calcination a 
very ftrong Lime, and others but a very weak onc- 
Thefe I impregnated with different faline fubftances, 
acids, alkalis and neutrals, and then e)cpoied them 
all to the fame degree of iire, which was a pretty 
ftrong one, and long enough continued to have 
ihade very good Lime of ftones the moft difficult to 
calcine. 1 he confequence was, that, in the firft 

Slace, thofe ftones which naturally made but a weak 
<ime were not by this procefs converted into a 
ftronger Lime -, and, moreover, that none of thefe 
ftones, even fuch as would naturally have produced 
the mbft aftivc Lime, had acquired the properties of 
Lime. Thefe experiments I varied many ways, 
employing different proportions of faline matters, and 
almoft every poffiblc degree of fire, and conftantly ob- 
ferved, after calcination, that all thofe ftones were 
fo much the further from the nature of Lime, as 
they had been combined with larger dofes of iklts. 
Among thofe which were impregnated with the 
greateft proportion of falts, and , had fuffered the 
greateft violence of fire, I oblcrved fome that had 
begun to flow, and were in a manner vitrified. 
Now as the fame fubjeft cannot be, at one and the 
fame time, in the ftate of glafs and of Lime too ; 
as a body cannot approach to one of thefe ftates but 
in proportion as it recedes from the other-, and as 
falts in general difpofe thofe bodies to fulion and 
vitrification which ire in themfelves the moftavcrfe 
to either, I concluded from my experiments, that 
the faline fiibftances I ufed had, by afting as flukes 
upon the ftones, prevented their calcination ; that 
confequently we may fufpeft there is no faline 
matter in the compolition of Lime, as Lime; and 
that Lime does not owe its faline and alkaline pro- 

pertics 
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perties to any fait ; or at leaft that if it does owe 
thole properties to a fait, fuch fait muft be na- 
turally and originally combined with the matter of 
the ftone in (o ju|l a proportion, that it is impoflible 
to increafe the quantity thereof without prejudicing 
the Lime, and depriving it in fbme meafurc of its 
virtue. This theory agrees perfeftly with the il- 
luftrious Stahl's opinion; for he thinks, as we ob- 
ferved in difcourfing of Salts in general, that every 
iaiine fubftance is but an earth combined in a cer- 
tain manner with water. This notion he applies to 
Lime, and fays that fire only fubtilizes and attenuates 
the earthy matter, and thereby renders it capable of 
uniting with water in fuch a manner, that the refult 
of their combination fhall be a fubftance having 
faline properties ; and that Lime accordingly never 
acquires thefc properties till it be combined with 
water. 

I have dwelt longer on the Salt of Lime than I 
Ihall on any other particular ; becaufe the fubjefl:, 
though in itfelf of great importance, has hitherto 
been but little attended to, and becaufe the expe- 
riments here recited are entirely new. 

Lime unites with all acids, and in conjundion 
with them exhibits various phenomena. 

The vitriolic acid poured upon Lime diffolvesit 
vrith efFervefcence and' heat. From this mixture 
there exhales a great quantity of vapours, in friiell 
and colour perfeftly like thofe of fea-falt ; from 
which however they are found to be very different 
when coUeded into a liquor. From this combination 
of the vitriolic acid with Lime arifes a neutral 
fait, which fhoots into cryftals, and is of the fame 
kind with the fclenitic fait obtained from Lime by 
Mr. Malouin. 

The nitrous acid poured upon Lime diffolves it 
in like manner with efFervefcence and heat : but the 
folution is tranfparent, and therein differs from the 

former. 



44 -El^jJies T s of tBe 

former, which is opaque. From this mixture there 
arifes a neutral fait, which does not cryftallize, and 
has withal the very fingular property of being vola- 
tile, and rifing wholly by diftillation in a liquid 
fortn. This phenomenon is fo much the more re- 
markable, as Lime, the bafis of this fair, is one 
of the moft fixed bodies known in Chymiftry. 

With the acid of lea fait Lime forms alio a 
fingular fort of fait, which greedily imbibes the 
mbifture of thfe air. We Ihall have occafion to take 
further notice of it in another place. 

Thefe experiments made on Lime with acids 
are likewife quite new. We are indebted for them 
to Mr. Du Hamel of the Academy of Sciences, 
whofe admirable Memoirs on fevcral fabjefts (hew 
liis extenfive knowledge in all parts of Natural 
^hilofophy. 

Lime applied to fixed alkalis adds confiderably 
to their cauftic quality, and makes them more pene- 
trating and adive. An alkaline lixivium in which 
time hath been boiled, bejng evaporated to drynefs, 
forms a very cauftic fubftance, whfch flows in the 
fire much more eafily, attracts and retains moifture 
much more ftrongly, than fixed alkalis that have 
not been fo treated. An alkali thus acuated by 
Lime is called the Cauftic Stone^ or Potential Cautery-^ 
becaufe it is employed by furgeons to produce efchars 
on the Ikin and cauterize it. 



CHAP. 
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CHAP. VI. 

Of Metallic Subfiances in gtnera\, 

METALLIC Subftances are heavy,^ ^it^^ 
tering, opaque, fufilple bodies. They Qpn- 
fift chiefly of a vitrjfiable earth united witji th^ 
phlogifton. 

Several ChytBifts infift; bn a third, principle. ifi 
thefe bodies, and have given it the name of Mer- 
curial ^arth\ which, according to Becher and StaM, 
15 the very fame that being combined with the vitrio-^ 
lie acid forms and charaftejizes the acid of fea^ 
fait. The exi.ftencc of this* .principle hath not yet 
been demopftrated by any decifiye experimenr^ put 
we fhall Ihew that there are pxetty. ftrong reafons fcsr 
admitting it,. " ■ 

We (h^Il begin with mentioning the experiments" 
which prove Metallic Subftances to confift of a 
vitrifiaWe earth united with the phlogifton* Thc^ 
firft is this : if they be calcined in fuch a. manner as 
to have no communication with any inflammable 
matter, they will be fpoilcd of all their properties, 
and re,duced to an earth or calx, that has neither' 
t{ie fplendour nor the duftility of a metal, and in a 
ftrong fire turns to an aftual glals, inftead of flowing 
like a metal. 

The fecond is, that the calx or the glaft refulting 
from a metal thus decompofed, recovers all its me- 
talline properties by being fufed in immediate con- 
ta6l with an inflammable fubftance, capable of re-^ 
ftoring the phlogifton of which calcination, bad de- 
prived it. 

On this occafion we mufl: obferve that Chymifts 
have not yet been able, by adding the Phlogifton, t3 

give 
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give the properties of metals to all forts of vitrifiable 
canhs indifcriminately ; but to fuch only as originally 
made a part of ibme metallic body. For example, 
a compound cannot be made with the phlogifton 
and fand that (hall have the leaft refemblance of a 
metal : and this is what feems to point out the reality 
of a third principle^ as neceflary to form the metal- 
line combination. This principle may probably 
remain united with the vitrifiable earth of a metallic 
liibftance, when reduced to a glafs j whence it fol- 
lows, that fuch vitrified metals require only the ad- 
dition of a phlogifton to enable them to appear 
again in their priftine form. 

It may be inferred from another experiment, that 
the calx and the glafs of a metal are not its pure 
vitrifiable earth, properly fo called : for by repeated 
or long continued calcinations,- fuch a calx or glafi 
may be rendered incapable of ever refumiog the 
metalline form, in whatever manner the phlogifton 
be afterwards applied to it ; fo that by this means it 
is brought into the condition of a pure vitrifiable 
earth* abfolutely free from any mixture. Thofe 
Chymifts who patronife the Mercurial earth, [pro- 
duce many other proofs of the exiftence of that 
principle in metallic fqbftances ; but they would be 
ipifplaced in an elementary treatife like this. 

When by adding the phlogifton to a metallic 
glafs we reftore it to the form of a metal, we are 
laid to reduce^ refufcitate^ or revivify that metal. 

Metallic fubftances are of different kinds, and are 
divided into Metals and Semi-metals. 

Thofe are called Metals which, befides their 
metalline fplendour and appearance, are alfo mal- 
leable •, that is, haVe the property of ftretching under 
the hartimer, and by that means of being wrought 
Jnpo different forjus without breaking, 

Tholfe 
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T|}ofe which have only the metalline fplendour 
and appearance, without malleability, are called 
Semtmetals. 

Metals alfo are further fubdivided into two forts ; 
viz. Perfeil and ImperfeS Metais. 

The Perfeft Metals are thofe which fuflfer no 
damage or change whatever by the moft violent and 
moft lafting adion of fire- . 

The Imperfeft Metals are thdfe which by. the 
force of fire may be deprived of their phJogifton, 
and confequently of their metalline form. 

When a moderate degree of fire only is employed 
to deprive a Metal of its phlogifton, the metal is 
faid to be calcined 5 and then it appears in the form 
of a powdered earth, which is called a Calx : and 
this metalline calx being expofed to a more violent 
degree of fire melts and turns to glafs. 

MetallicJSubftances have an affinity with acids 5 
but not equally with all ; that is, every Metallic 
Subftance is not capable of uniting and joining with 
every acid. 

When an acid unites with a Metallic Subftanc^ 
there commonly arifes an ebullition, attended with a 
kind of hilfing noife and fuming exhalations. By 
degrees, as the union becqmes more perfeft^ the 
particles of the metal combining with the acid be* 
come invifible: this is termed DiJfolution\ and when 
a metalline mafs thus difappears in an acid, ^ 
metal is faid to be dijfolved by that acid. It is 
proper to obferve that acids aft upon metalline 
lubftances, in one relpeft, juft as they do upon 
alkalis and abforbent earths : for an acid cannot 
take up above fuch a certain proportion thereof as i$ 
fufficient to faturate it, to deftrpy feveral of its pro- 
perties, and weaken others. For example, when 
an acid is combined with a metal to the point of 
jaturation, it lofes its tafte, does not turn the blue 
colour of a vegetable red, and its affinity with water 

is 
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h confidcirably impaired. On the other haad^ Kfe* 
tailing Subilances^ which when piirje aise k^ap^bii^ 
of uniting with water, by being joined with ari 
acid acqjLiire the pDopcirty of diffolving in water. 
Thefe combinatiqiis of .Metalline Sufcftances wzth 
^ds fprp difFe^^ent fpi:ts of neutcal felts ; fome of 
which have the pfpperty of (hooting into crylbals^ 
while others have it not : moft of them, when 
thflroughiy dried, ^ttrafl: the moifturc of the air. 

The affinity vrbich Metalline Subftances ha[vc 
with acids is lefs than that which abforlpent eardas 
and fix:ed aljcaiis have. with the iaoie acids: fb that 
all n^etalline fairs niay he decompounded by one of 
fhefe fubftaqccs, which will un^tc with the acid, 
^nd precipitate the metal 

Metalline Subftances thiis feparated &oin an 
acid folvent are called Magifteries^ and Prtcipti^es^ 
of metals. None of Aefc precipitates, lexcept 
thofe of the perfeft n^etals, retain thp naetallindi 
form : moft of dieir. phlogiS^n harhhcien defhroy^ 
cd by the folution and precipitation, and muflr he xe-* 
ftored before they can* i^ecoyeir thSr.properties. In 
Jhort» (hey are nearly iin the fanic ftate witii metab 
line fubftances deprived jof their phlpgiiion by cal^ 
cination ; and accordingly fuch a precipitate is called 
zCalx. 

, A metalline calx prepared in this manner lo&> 
a greater or a le6 i portion of its pblogifton, the 
inoce or lefs effectually and thoroughly the metalline 
fubftance, of which it made a part, was' diiS}lve4 
by the acid. 

Metallic Subftances have affinities with each other 
which differ according to their difierent kin4s : but 
this is not univerfal ; for fome of them are incapable 
pf any fort of union with fome others, 

. It muft be oblerved that Metallic Subftances will 
not unite, except they be both in a fimilar ftate ; that 
is, both in a Metalline form, 6c both m the form 

of 
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6F a'G!a(s 1 fof a metaliine fubftance retaining its 
phlogifton cannot contract sui union with any me- 
tallic glafs, even its own. 
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Of Metals. 

THERE af6 fix Metals, of which two arc 
Perfedt and four Imperfedl. The perfeft 
Metals are Gold and Silver ; the others are Copper, 
Tin, Lead, . and Iron, Some Chymifts admit a 
feventh Metal, to wit, Quick-filver : but as it is not 
malleable, it has been generally confidered as a 
metallic body of a particular kind. We (hall foon 
have occafion to examine it more minutely* 

The ancient Chymifts, or rather the Alchymifts, 
who fancied a certain relation or analogy between 
Metals and the Heavenly Bodies, beftowed on the 
fevca Metals, reckoning Quick-filver one of them, 
the names of the feven Pknets of the Ancients, ac- 
cording to the affinity wJiich they imagined they ob- 
ferved between thofe feveral bodies. Thus Gold was 
called Sol^ Silver Luna^ C<^pef Venus^ Tin Jupiter^ 
Lead Saturn^ Iron Marsy and Quick-filver Mercury. 
Though thefe names were afiigned for reafons merely 
chimericaJ, yet they ftill keep their ground; fo 
that it is not uncommon to find the Met^s called by 
the names, a^d denoted by the characters, of the 
Planets, in the writings even of the beft Chymifts. 
Metals are the heavieft bodies known in nature. 

§. I. 0/ G O L D, 

Gold is the heavieft of all Metals. The arts 

of wire-drawing and gold-beating (hew its won- 

VoL.I. E derful 
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dcrful duftility. The greateft violence of fine is 
not able to produce any alteration in it. Indeed Mr. 
Homberg, a famous Chymift, pretended. that he had 
made this metal fume, and even vitrified it, by ex- 
pofing it to the focus of one of the beft burning 
glailes, known by the name of the Lens of the 
Palais Royal : but there are very good reafons for 
calling in queflion the experiments he made on this 
occafion, or rather for thinking that he was quite 
miftaken. For, 

1 . No man hath fince been able to vitrify Gold, 
though feveral good Experimenters have aifiduoufly 
tried to effeft it, by expofing it to the focus of the 
fame lens, and of other burning-glades ftill ftrong^n 

2. It hath been obferved that though Gold, when 
expofed to the focus of thofe glalfes, did indeed 
emit fcrnie vapours and decreafe in weight ; yet thofe 
vapours being carefully collected on a piece of pa- 
per, proved to be true Gold, in no degree vitrified, 
and which confequently had fufiered no change but 
that of being carried away by the violence of the 
heat, its nature not being in the leaft altered. 

3. Thefmall portion of vitrified matter, which 
was formed on the arm that fupported the Gold in 
Mr. Romberg's experiment, may have come either 
from the arm itfelf, or rather from fome heteroge- 
neous particles contained in the Gold ; for it is al- 
moft impoffible to have it perfeftly pure. 

4. Neither Mr. Homberg, nor any that have re- 
peated his experiment, ever reduced this pretended 
glafs of Gold by reftoring its phlogifton, as is done 
^ith pther metallic glafles. 

. 5. To render the experiment decifive, the whole 
mafs of Gold employed ought to have been vitrified 5 
which was not the cafe. 

Neverthelefs I do not pretend that this metal is 
in its own nature abfolucely indeftruftible, and un- 

vitrifiable : 
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vitrifiable : but there is reafon to think that no body 
hath hitherto found the means* of producing thofe 
fefieds on it, probably for want of a fufficient degree 
bf fire ; at leaft the point is very doubtful. 

Gold cannot be diffolved by any pure acid : but 
if the acid of nitre be ttiixed with the acid of fea- 
lalt, there refults a compound acid li<i[uor, with 
which it has fo greit an affinity that it is Capable, 
of being perfectly diflblyed thereby. The Chy- 
mifts have called this folvent Aqtia Regis^ on ac- 
count of its being the only acid that can diflblve 
Gold, which they confider as the Rirtg of Metals. 
The folution of Gold is of a beautiful orange 
colour. 

If Gold diflblved in at^ua regis be precipitated 
by an alkali or an abforbent earth, the precipitate 
gently dried, and then expofed to a certain degree 
df heat, is inftantly difperfed into the air, with 
^ moft violent explofion and noife : Gold thus 
precipitated is therefore called Aurum Fubninans. But 
if the precipitated Gold be carefully wafhed in 
plenty of water, fo as to clear it of all the adhe- 
ring (aline particles, it will not fulminate ; but may 
be melted in a crucible without any additament, 
and win then appear in its ufual form* The acid of 
vitriol being poured on aurum fultninans likewife 
deprives it of its fulminating quality. 

Gold does not begin to flow till it be red-hot like 
a live coal. Though it be the moft malleable and 
moft duftile of ^11 metals, it has the Angular 
pfopefty of lofing its duftility more eafily than any 
of them : even the fumes of charcoal are fufficient 
to deprive it thereof, if they come in contaft with 
it while it is in fufion. 

The malleability of this metal, and indeed of all 
the reft, is alfo confiderably diminilhed by expo- 
ling it fuddenly to cold when it is red- hot ; fqf 

£ a exam{)le^ 
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example, by quenching it in water, or even barely 
expofing it to the cold air. 

The way to reftore du£ti!ity to Gold, when loft 
by its coining in contact with the vapour of coals, 
and in general to every other metal rendered lels 
malleable by being fuddenly cookd, is to heat 
them ag^in, to keep them red-hot a conOderablc 
time, and then to let them cool very flowly and 
gradually: this operation frequently repeated will 
by degrees much increafe the malleability of a 
metal. 

Pure fulphur hath no effed on Gold ; but being 
combined with an alkali into a bepar Julpkuris^ it 
unites therewith very readily. Nay, {o intimate is 
their union, that the Gold by means thereof becomes 
ibluble in water ; and this new compound of Gold 
and liver of fulphur, being difTolved in water, will 
pa(s through the pores of brown paper without fuf- 
fering any decompofition ; which does not happen, 
at leaft in fuch a manifeft degree, to other metallic 
fubftances difiblved by liver of fulphur. 

Aurutn fulminans mixed and melted with flower of 
fulphur loies its fulminating quality : which arifes 
from hence, that on this occafion the ftilphur 
burns, and its acid, which is the fame with the 
vitriolic, being thereby fct at liberty becomes 
capable of ad:ing upon the Gold as a vitriolic acid 
would ; which, as was faid above, deprives the 
Gold of its fulminating quality. 

§. II. Cy S I L v E R. 

Next to Gold Silver is the mou perfeft metal. 
Like Gold it refifts the utmoft violence of fire, even 
that in the focus of a burning- glafs. However it 
holds only the fecond place among metals; becaufe 
it is lighter than Gold by almoft one half; is alfo 
fomewhat lefs dudtile ; and laftly, becaufe it is 
aded upon by a greater number of folvents. 

Yet 
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Yet Silver hath one advantage over Gold, namely 
that of being a little harder ; which makes it alio 
more fonorous. 

This metal, like Gold, begins to flow when it 
is fo thoroughly penetrated by the fire as to appear 
ignited like a live coal. 

While this metal is in fufion, the immediate 
conta(9: of the vapour of burning coals deprives it 
almoft entirely of its malleability, in the fame man- 
ner as we obferved happens to Gold : but both thefe 
metals eafily recover that property by being melted 
with nitre. 

The nitrous acid is the true folvent of Silver, 
and being fomewhat dephlegmated will very readily 
and eafily take up a quantity of Silver equal in 
weight to itfelf. 

Silver thus combined with the nitrous acid forms 
a metallic fait which flioots into cryftals, called by 
the name of Lunar Cryftals^ or Cry fids of Silver. 

Thefe cryftals are moft violently cauftic : applied 
to the (kin they quickly affeft it much as a live 
coal would ; they produce a blackilh efchar, corrod- 
ing and entirely deftroying the parts they touch. 
Surgeons ufe them to eat away the proud fungous 
flefh of ulcers. As Silver united with the nitrous 
acid hath the property of blackening all animal fub- 
ftances, a folution of this metallic fait is employed 
to die hair, or other animal matters, of a beautiful 
and durable black. 

Thefe cryftals flow with a very moderate heat, 
and even before they grow red. Being thus melted 
they form a blackiih mafs ; and in this form they 
are ufed by Surgeons, under the title of Lapis in- 
ftrnalis^ Infernal Stone^ or Silver Caufiic. 

Silver is alfo diflblved by the vitriolic acid : but 
then the acid muft be concentrated, and in quantity 
double the weight of the Silver ; nor will the folii- 
tion fucceed without a confiderable degree of heat. 

E 3 Spirit 
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Spirit of fait and aqua regisy as wdl as the othep 
acids, are incapable of diilblving this metal ; at 
leaft in the ordinary way. 

Though Silver be not foluble in the acid of fca- 
fait, nor eafily in the acid of vitriol, as hath juft 
been obfcrved, it doth not foUqw that it hath but a 
weak affinity with the latter, an(l none at all with 
the former : on the contrary^ it appears from ex- 
periment that it hath with thefc two acids a much 
greater affinity than with the add of nitre : which 
is fingular enough, confidering the facility with 
which this laft acid diflblves it. 

The experiment which proves the faft is this. 
To i fplutipn of Silver in the nitrous acid add the 
^cic^ ejther pf yitripl Of pf fca-lalt, and the Silver 
will inftantly quit its nitrous folvent to join with the 
fpperadded acid. 

Silver thus united with the vitriolic or the marine 
acid is lefs foluble in water than when combined! 
with the nitrous acid : and for this reafon it is, that 
when either of thefe two acids is added tp a folution 
of Silver, the liquor immediately becomes white, 
and a precipitate is formed, which is no other than 
the Silver united with the precipitating acid. If 
^hc precipitation be effefted by the vitriolic acid, 
the precipitate will difappear upon adding a fufficienc 
qviantity of water, becaiife there will then be water 
enough to diffolve it. But the cafe i$ not the fame 
when the precipitation is made by the marine acid : 
for Silver combined therewith is fcarce fpluble in 
water. 

This Precipitate of Silver procured by means of 
the marine acid is very eafily fiifed, and when 
fufed changes to a fubftancc in fome meafure tran- 
fparent and flexible ; which hath occafioned it to be- 
called by the name of Luna Cornea, If it be pro- 
pofed to decompound this luna cornea^ that is, to 
leparate the marine acid from the Silver with which 

it 
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It is united, the luna corneajnmA be. melted along 
with fatty and abfbrbent matters, with which the 
acid will unite, and leave the metal exceedbg pure. 

It muft be obfenred that if, inftead of the marine 
acid, fea-falt in lubftance be added to a folution 
of Silver in the nitrous acid, a Precipitate is alfo 
produced, which by fufion appears to be a true luna 
cornea. Therealbnis, that the fea-falt is decom* 
pofed by the nitrous acid, which feizes its bafis, 
as having a greater affinity therewith than its own 
acid hath; and this acid being confequently dif- 
engaged and fet at liberty unites with the Silver, 
which, as has been (hewn, has a greater affinity with 
it than with the nitrous acid. This is an inftance 
of decompofition efieded by means of one of thofe 
double affinities mentioned by us in our feventh pro- 
portion concerning Affinities* 

From what hath been already faid it is clear, 
that all theie combinations of Silver with acids may 
be decompounded by abforbent earths and by fixed 
alkalis ; it being a general law with regard to all 
metallic fubftances. We ftiall not therefore repeat 
this obfervation when we come to treat of the other 
metals ; unlefs fome particular occafion require it. 

With rfegard to Silver I muft take notice that, 
when feparated by thefe means from the acids in 
which it was diflblved, it requires nothing but 
fimple fufion to reftore it to its ufual form ; becaufe 
it does not, any more than Gold, lofe its phlogifton 
by thofe folutions and precipitations. 

Silver unites with fulphur in fufion. If this 
metal be only made red-hot in a crucible, and 
fulphur be then'; added, it immediately flows > 
the fulphur ading as a flux to it. Silver thua 
united with fulphur forms a mafs that may be 
cut, is half malleable, and hath nearly the colour 
and confiftence of Lead. If this fulphurated Silver 
bq kept a long time in fufion, and in a. gceat degree 

E 4 ot 
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of heat, the fulphur flies off and leaves the Silver 
pure. But if the fulphur be evaporated by a vio- 
lent heat, it carries off with it paft of the Silver. 

Silver unites and mixes perfe6kly with Gold n\ 
fufion. The two metals thus mixed form a com- 
pound with properties partaking of both. 

Metallurgifls have hitherto fought in vain for 2( 

perfeftly good and esSy method of feparating theib 

two n^etals by the dry way only : (this term is ufed 

to fignify all operations performed by fufion : ) but 

they are conveniently enough parted by the moifi 

way^ that is, by acid folvents. 1 his method is 

founded pn the abover mentioned properties of Gold 

and Silver with refped: to acids. It hath been 

ihewn that aqua regis only will diflblve Gold; 

that Silver, on the contrary, is not foluble by aqua 

regis^ and that its proper folvcnt is the acid of 

nitre : confequently, when Gold and Silver are 

niixed together, if the compound mafs be pue into 

aqua fortis^ this acid will take up all the Silver, 

without diflblving a particle of the Gold, which 

will therefore remain pure 5 and by this means the 

defired fcparation is effedled. This method, which 

is commonly made ufe of by Goldfmiths and in 

Mints, is called the Parting Afft^. 

It is plain that if aqua regis vfcrt employed in- 
Head of aqua fortis^ the feparation would be 
equally efFedcd ; and that the only difference be- 
tween this proccfs and the former would confift 
in this, that now the Gol4 would be diflblvcd, and 
the Silver remain pure. But the operation by aqua 
fortis is preferable ; becaufe aqua regis does take 
yp a little Silver, whereas aqua fortis hath not the 
leaft effeA on Gold 

It muft be obfcrved that when Gold and Silver 
are mixed together in equal parts they cannot be 
parted by the means of aqua fortis* To enable 
f he iJj«^/(?r//j to aft duly on the Silver, this metal 
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rnulVbc, arfeaft, in a triple fifoportion to the Gold. 
If it be in a lefs proportion, you muft either empiloy 
aqua regis to niake the ftparation, or, if you prefer 
the ufe of aqua fortis^ melt the metalline mafs, 
and add as much Silver as is neceffary to make up 
the proportion above-mentioned : and hence this 
Procefs is called ^artation^ 

This effeft, which is pretty Angular, probably 
^rifes from hence, that when the Gold exceeds or 
even equals the Silver in quantity, the parts of both 
being intimately united, the former are capable of 
coating over the latter, and covering them fo as to 
defend them from the aftion of the aqua forth \ 
which is not the cafe when there is thrice as much 
Silver as Gold. 

There is one thing more to be taken notice of 
with regard to this procefs; which is, that per- 
feftly pure aqua fortis is rarely to 'be met with^ 
for two reafons ; firft, it is difEcult in making it; 
wholly to prevent the rifing of the medium em- 
ployed to difengage the nitrous acid; that is, a 
little of the vitriolic acid will mix with the vapours 
of the aqua fortis : fecondly, unlefs the falfpetre 
be very well purified it will always hold fome fmall 
portion of fea-falt, the acid of which, we know, is 
very readily fet lobfe by the vitriolic acid, and con- 
fequently rifes together with the vapours of the 
aqua fortis. It is eafy to fee that aqua fortis 
mixed either with the one or the other is not proper 
for the Parting Procefs; becaufe, as has juft been 
faid, the vitriolic and the marine acid equally pre- 
cipitate Silver diffolved in the nitrous acid ; by 
which means, when they are united with that acid 
they weaken its aftion upon the Silver, and hinder 
the diflblution. Add that aqua fortis adulterated 
with a mixture of fpirit of fait becomes an aqua 
T^gi^^ an4 iconfequently is rendered capable of 

cjiffolving 
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diliblving Gold, in proportion as its a£tion upon 

Silver is diminifhed. 

In order to remedy this inconvenience, and free 
aqua fortis from the vitriolic or marine acid with 
which it is tainted. Silver muft be diflblved there- 
in : by degrees as the metal diffolves, thofe hetero- 
geneous acids lay hold of it, and precipitate with it 
in the form of a white powder, as we obfcrved be- 
fore. This precipitate being wholly fallen, the 
liquor grows clears after which, if it be found 
capable of diflblving more Silver, without turning 
milky, it may be depended on as a perfe£Uy pure 
aqua fortis. Then filtre it, diffolve more Silver 
in it, as long as it will take up any, and you will 
have a folution of Silver in a very pure aqua 
fortis. By means of this folution may other aqua 
fortis be purified : for pour a few drops thereof into 
a very impure aqua fortis^ and immediately the 
vitriolic or marine acid, with which that aqua 
fortis is contaminated, will join the Silver and fall 
therewith to the bottom. When the folution of 
Silver prepared as above does not in the leaft afFed 
the tranfparency of the aqua fortis^ it is then very 
pure, and fit for the purpofes of Quartation. 

This operation of purifying aqua fortis by a 
folution of Silver is called the Pncipitation of aqua 
fortis ; and aqua fortis thus purified is called 
Precipitated Aqua Fortis. 

"When Silver is dilTolved in aqua fortis it may. 
be feparated therefrom, as hath been (hewn, by ab- 
forbent earths and fixed alkalis. 

We fhall fee by and by that there are other means 
of effedling this : but whatever way it be feparated 
from its folvent it recovers its metalline form, as 
Gold does, by being fimply fufed without any 
additament. 
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§. III. Of Copper. 

Of all the imperfed metals Copper come$ the 
Dcareft to Gold and Silver. Its natural colour is 
a deep-red yellow. It refills a very violent! degree 
of fire for a confiderable time ; but lofing its phlo* 
gifton at lail, it changes its metalline form for that 
of a calx, or a pure reddifh earth. This calx is 
hardly, if at all, reducible to glafs, without the ad- 
dition of fomething to promoce its fufion \ all that 
the fiercefl: heat can do being only to render it foft. 
Copper, even while it retains its metalline form, and 
is very pure, requires a confiderable degree of fire 
to melt it, and does not begin to flow till long after 
it is red-hot. When in fufion, it communicates a 
greenifli colour to the flame of the coals. 

This metal is inferiour to Silver in point of 
gravity ; nor is its duftility fo great, tho' it be 
pretty confiderable : but, on the other hand, it ex- 
ceeds that metal in hardneis. It unites readily 
with Gold and Silver ; nor does it greatly leflen 
their beauty when addpd to them in a fmall quan- 
tity : nay, it even procures them fome advantages ; 
fuch as making them harder, and lefs fubjeft to lofe 
their duftiiity, of which thofe metals are often liable 
to be deprived, by the mixture of the fmalleft hete- 
rogeneous particle. This may probably arife fh)m 
hence, that the duftility of Copper has the peculiari- 
ty of refifting moft of thofe caufes which rob the 
perfeft metals of theirs. 

The property, which other metalline fubftances 
have in common with Copper, of lofing the phlogif- 
ton by calcining and then vitrifying, furnilhes us with 
a method of feparating them fro;n Gold and Silver, 
when they are combined therewith. Nothing more 
i$ required than to expoie the mafs compounded ot 
flje peif?ft metals ^nd other ipetajline fubftances to 

a d«- 
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a degree of heat fufiicient to calcine whatever 
is not either Gold or Silver, It i? evident that 
by this means thefe two metals will be obtained as 
pure as is poITible ; for, as hath already been faid, 
no metalline calx or glafs is capable of uniting with 
metals poflfefled of their phlogifton. On this prin- 
ple is formed the whole bufmefs of refining GoM and 
Silver. 

When the perfeft metals have no other alloy but 
Copper, as this metal is not to be calcined o£ vitri- 
fied without great difficulty, which is increafed by 
its union with the unvitrifiable metals, it ts. eafy to 
fee that it is almoft impoffible to feparate them 
without adding fomething to facilitate the vitrifica- 
tion of the Copper. Such metals as have the pro- 
perty of turning eafily to glafs arc, very fit for this 
purpofe 5 and it is necfeffary to add a certain quantity 
thereof, when Gold or Silver is to be purified from 
the alloy of Copper. We (hall have occafion to be 
more particular on this fubjeJt when we come to 
treat of Lead. 

Copper is foluble in all the acids, to which it 
communicates a green colour, and fometimes a 
blue. Even the neutral falts, and water itfelf, aft 
upon this metal. With regard to water indeed, as 
the procuring it abfolutely pure and free from any 
falinc mixture is next to an impoffibility, it remans 
a queftion whether the effcft it produces on Copper 
be not owing to certain faline particles contained 
in it. It is this great facility of being diflblved 
that renders Copper fo fubjeft to ruft ; which is no- 
thing elfe but fome parts of its fufface corroded by 
faline particles contained in the furrounding air and 
water. 

The ruft of Copper is always green or blue, or 
of a colour between thefe two. Internally ufed it is 
very noxious, being a real poifbn, as are all the fo- 
lutions of this mecal made by any acid whatever. 

The 

a 



Theory ^Chymistry. 6i 

The blue colour, which Copper conftantly aflumes 
when corroded by any faline fubftance, is a fure fign 
by which it may bedifcovered wherever it exifts, even 
in a very fmall quantity. 

Copper diflblved in the vitriolic acid forms a kind 

of metalline fait, which fhoots into rhomboidal 

cryftals of a moft beautiful blue colour. Thefe 

cryftals are called Blue Vitriol^ or Vitriol of Copper. 

They are fometimes found ready formed in the 

bowels of the earth ; and may be artificially made by 

diflblving Copper in the vitriolic acid ; but the fo- 

lution will not fucceed unlefs the acid be well de- 

phlegmated. The tafte of this vitriol is faltilh and 

aftringent. It retains a confiderable quantity of 

water in cryftallizing, on which account it is eafily 

rendered fluid by fire. 

It mull be obfervcd that, when it is expofed to a 
certain degree of heat in order to free it of its humi- 
dity, a great part of its acid flies off at the fame time : 
and hence it is that, after calcination, there remains 
only a kind of earth, or metalline calx, of a red 
colour, which contains but very little acid. This 
earth cannot be brought to flow but with the great- 
eft difficulty. 

A folution of Copper in the nitrous acid forms a 
fait which does not cryftallize, but, when, dried, 
powerfully attrads the moifture of the air. The 
fame thing happens when it is diflblved in fpirit of 
fait, or in aqua regis. 

If the Copper thus diflS)lved by any of thefe acids 
be precipitated by an earth or an alkali, it retains 
nearly the colour it had in the folution : but thefe 
precipitates arc fcarcc any thing more than the earth 
of Copper, or Ct)pper deprived of moft of its 
phlogifton 'y fb that if they were expofed to a vio- 
lent fire, without any additament, a great part of 
them would be converted into an earth that could 
never be reduced to a metalline form. 'I herefore, 

when 
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when we intend to reduce theie precipitates to Cop^ 
per, it is neceflary to add a certain quantity of a 
lubflance capable of reftoring to them the phlogiftoD 
they have loft. 

The fubftance which hath been found fitted for 
fuch reduftions is charcoal-diift ; becaufe charcoal 
is nothing but a phlogifton clofely combined with 
an earth, which renders it exceedingly fixed, and 
capable of refifting a violent force of fire. But 
as charcoal will not melt, and confequently is capa- 
ble of preventing rather than forwarding the flux 
of a metalline calx or glafs, which ncverthelefs is 
eflentially ncceflary to complete the reduftion, it 
hath been contrived to mix it, or any other fubftance 
containing the phlogifton, with fuch fixed alkalis 
as eafily flow, and arc fit to promote the flux of 
other bodies. Thefe mixtures are called Reducing 
Fluxes ; becaufe the general name of Fluxes is given 
to all falts, or mixtures of falts, which facilitate 
fufion. 

If Sulphur be applied to Coppet" made perfedly 
red-hot, the metal immediately runs ; and thefe twt) 
fubftances uniting form a new compound much 
more fufible than pure Copper. 

This compound is dcftroyed by the Ible force of 
fire, for two reafons: the firft is, that, fulphur 
being volatile, the fire is capable of fublimirig a 
great part of it, efpecially when it is in a great pro- 
portion to the Copper with which it is joined ; the 
fecond is, that the portion of fulphur which re- 
mains, being more intimately united with the Cop- 
per, though it be rendered lefs combuftible by that 
union, is ncverthelefs burnt and confumcd in time. 
Copper being combined with fulphur, and together 
with it expofed to the force of fire, is found to be 
partly changed into a blue vitriol ; becaufe the vitri- 
olic acid, b::ing difengaged by burning the fulphur, 
is by that means qualified to diffolve the Copper. 

The 
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The affinity of Copper with fulphur is greater than 
that of Silver. 

This metal, as well as the other imperfeft metals 
and the femi-metals, being mingled with nitre and 
expofed to the £ire, is decompofed and calcined 
much fooner than by itfelf ; beqaufe the phlo- 
gifton which it contains occaOons the deflagration of 
the nitre, and confeqiiently the two fubftances mu- 
tually decompofe each other. There are certain 
metalline fubftances whofe phlogifton is fo abun- 
dant, and fo weakly connefted with their earth,, that, 
when they are thus treated with nitre, there arifes 
. immediately a detonaition, accompanied with flame, 
and as violent as if fulphur or charcoal-duft had been 
employed ; fo that in a moment the metalline fub- 
ftance lofes its phlogiflon, and is calcined. The 
nitre, after thefe detonations, always afTumes an 
alkaline charadter. 

§. IV. 0/Iron. 

Iron is lighter and lefs dudtile than Copper ; but 
it is much harder, and of more difficult fufion. 

It is the only body that has the property of being 
attraded by the magnet, which therefore ferves to 
difcover it wherever it is. But it muft be obferved 
that it hath this property only when in its metalline 
flate, and lofes it when converted to 'an earth or 
calx. Hence very few Iron-ores are attrafted by 
the loadftone -, becaufe, for the moft part, they are 
only forts of earths, which require a phlogifton to 
be added before they can be brought to the form of 
true Iron. 

When Iron hath undergone no other preparation 
but the fufion which is neceffary to fhielt it from its 
ore, it is ufually quite brittle, and flies to pieces un- 
der the hammer : which arifes in fomemeafure from 
its containing a certain portion of unmet all ic earth 
4 interpofcd 
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interpofed between its parts. This we call P/jf 

By melting this a fecond time it is rendered purer, 
and more free from heterogeneous matters : but dill, 
as its proper parts are probably not brought fuffi- 
ciently near, or clofely enough united, till the Iron 
hath undergone fome Further preparation befides that 
of fufion, it feldom hath any degree of malleability. 
The way to give it this property is to make it 
juft red-hot, and then hammer it for fome time in all 
directions ; to the end that its parts may be pro- 
perly united, incorporated, and welded together, and 
that the heterogeneous matters which keep them 
afunder may be feparated. Iron made by this 
means as malleable as poflible we call Bar Irony or 
Forged Iron. 

Far Iron is ftill harder to fufe than Pig Iron : to 
make it flow requires the utmoft force of fire. 

Iron has the property of imbibing a greater 
quantity of phlogifton than is neceflary to give it the 
metalline form. It may be made to take in this fu- 
perabundant phlogifton two ways : the firft is by 
fufing it again with matters that contain the phlo- 
gifton ; the fecond is, by encompaffing it with a 
quantity of fuch matters, charcoal-duft for inftance, 
and then expofing it fo encompafled, for a certain 
time, to a degree of fire bardy fufficient to keep it 
red-hot. This fecond method, whereby one fub- 
ftance is incorporated with another by means of 
fire, but without fufing either of them, is in general 
called Cementation. 

Iron thus impregnated with an additional quan- 
tity of phlogifton is called Steel. The hardnefs of 
Steel rriay be confiderably augmented by tempering 
it; that is, by making it red-hot, and fuddenly 
quenching it in fome cold liquor. The hotter the 
'metal, and the colder the liquor' in which it is 

quenched, 
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quenched, the harder will the Steel be. By this 
means tools are made, fuch as files and flieers, 
capable of cutting and dividing the hardeft. bo- 
dies, as glafs, pebbles, and Iron itfelf. The colour 
of Steel is darker than that of Iron, and the facets 
which appear on breaking it are fmaller. It h aHb 
lefs duftUe and more brittle, e^ecially when tem- 
pered. 

As Iron may be impregnated with an additional 
quantity of pUogifton, and thereby converted into 
Steel, fo may Steel be again deprived of that fupera- 
bundant phlogifton, and brought back to the condition 
of Iron. This is efFefted by cementing it with poor 
earths, fuch as calcined bones and chalk. By the 
fame operation Steel may be untempered : ilay, it 
will lofe the hardnefs it had acquired by tem- 
pering, if it be but made red-hot, and left to cool 
gradually. As Iron and Steel differ only in the re- 
fpefts we have here taken notice of, their properties 
being in all other refpefts the fame, what follows is 
equally applicable to both. 

Iron being expofed to the aftion of fire for fome 
time, elpecially when divided into fmall particles, 
fuch as filings, is calcined and lofes its phlogifton. 
By this means it turns to a kind of reddifh yellow 
earth, which on account of its colour is called Cro-' 

■ * 

cus MartiSy or Saffron of Mars. 

This calx of Iron has the Angular property of 
flowing in the fire with fomewhat lefs difficulty than 
Iron itifelf ; whereas every other metalline calx flows 
with lefs eafe than the metal that produced it. It 
has moreover the remarkable property of uniting 
with the phlogifton, and of being reduced to Iron 
without fiifion 5 requiring for that purpofe only to 
be made red-hot. 

Iron may be incorporated with Silver, and even 
with Gold, by means of certain operations. Under 

Vol. I. ' F the 
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the article of Lead we fhail fee how it may be le- 
parated from thefe metals. 

The acids produce on it much the fame efi^ds 
as on Copper : every one of them a<95 upon it 
Certain neutral falts, alkalis, and evcri water iticlf, 
are capable of diflblving it ; and hence it is alio 
very fubjed to ruft. The vitriolic acid diflblves it 
with the greateft eafe : but the circumftances which 
attend the diflcdution thereof are different from thole 
with which the fame acid diflblves Copper : for i. 
whereas the vitriolic acid muift be concentrated to 
diflblve Copper, it muft on the contrary be diluted 
with water to diflolve Iron, which it will not 
touch when well dephlegmated. 2. The vapours 
which rile in this dii&lutibn are inflammable ;' fb 
that if it be made in a fbnall-necked bottle, and 
the flame of a candle be applied to the mouth there- 
of, tlic vapours in the bottle take fire with fucb ra^ 
. pidity as to produce a confiderable explofion. 

This folution is of a beautiful green colour ; and 
from this union of the vitriolic acid with Iron there 
refults a neutral metalline fait, which has the pro- 
perty of fliooting into cryflals of a rhomboidal fi- 
gure, and a green colour. Thefe cryftals are called 
Cretn Vitriol^ and Vitriol of Mars,. 

Green Vitriol hath a faltilh aiid afliringent tafle. 
As it retains a great deal of water in cryflalliz- 
ing it quickly flows by . the adlion of fire : but 
'this fluidity is owing to its water only, and is not a 
real fufion; for as foon as its moifl:ure is eva- 
porated, it refumes a folid form. Its green tranf- 
parent colour is now changed into an opaque white : 
and, if the calcination be continued, its acid alfq ex- 
hales and is diflipated in vapours ; and as it lofes 
that, it turns gradually to a yellow colour, which 
comes fo much the nearer to a red the longer the 
calcination is continued, or the higher the force of 
$he fire is raifed 5 which being driven to the utmoft, 

what 
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V?h^ remains is of a very deep red. This . remain- 
der is nothing but the body or the Iron, which hav- 
ing loft its phlogifton is now no rtibre than an earth* 
nearly of tht fame nature with that which is left 
lafter calcining the metal itfelf. 

Green Vitriol diflfolved in water fpontaneoully lets 
£all a yellowilh earthy fediment. If this folution be 
defecated by filtration, it ftill continues to d'epofitp 
ibme of the fame fabftance, till the vitriol be wholly 
decompofed. This fediment is nothing but the 
earth of Iron, whith is then called Ochre. 

The nitrous acid drflblves Iron with great eafe. 
This folution is of a yellow colour, inclining more 
or Icfs to a ruflet, or dark-brown, as it is more or 
lefs faturated with Iron. Iron diflblved by this acid 
alfo, falls Ipontaneoufly in a kind of calx, which is 
incapable of being diffolved a fecond time ; for the 
nitrous acid will not aft upon Iron that has loft its 
phlogifton. This folution does not cryftallize, and 
if evaporated to drynefs attrafts the moifture of the 
air. 

Spirit of fait likewife diffolves Iron, and this folu- 
tion is green. The vapours which rife during the 
diflblution are inflammable, like thofe which afcend 
when this metal is attacked by the vitriolic acid. 
jiqud regis makes a folution of Iron, which is of a 
yellow colour. 

Iron hath a greater affinity than either Silver or 
Copper with the nitrous and vitriolic acids : fo that if 
Iron be prefcnted to a folution of either in one of thefe 
two acids, the diflblved metal will be precipitated 5 
becaufe the acid quits it for the Iron, with which it 
has a greater affinity. 

On this occafion it muft be obferved that if a fo- 
lution of Ci^pcr in the vitriolic acid be precipitated 
by means c^ Iron, the precipitate has the form and 
fplendour of a metal, and does not require the addi- 
tion of a phlogtfton to reduce it to true Copper ; 

F 2 which 
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which is not the cafe, as has been ihcwn, when the 
'precipitation is effefted by earths or alkaline faits. 

The colour of this metalline precipitate hath de- 
'ceived feveral perfons, who being unacquainted with 
fuch phenomena, and with the nature of blue vitriol, 
imagined that Iron was tranfmuted into Copper, when 
they faw a bit of Iron laid in a folution of that yittid 
become, in form and external appearance, exa£Uy like 
Copper : whereas the furface only of the Iron was 
crufted over with the particles of Copper contained 
in the vitriol, which had gradually fallen upon and 
adhered to the Iron, as they were precipitated out 
of the folution. 

Among the folvents of Iron we mentioned fixed 
alkalis ; and that they have iuch a power is proved 
by the following phenomenon. If a large propor- 
tion of alkaline falts be fuddenly mixed with a folu- 
tion of Iron in an acid, no precipitation enfues, and 
the liquor remains clear and pellucid ; or if at fifft 
it look a little turbid, that appearance lafls but a 
moment, and the liquor prefently recovers its tranf- 
parency. . The reafon is, that the quantity of alka- 
li is more than fufiicient to faturate all the acid of 
the folution, and the fuperabundant portion thereof, 
meeting with the Iron already finely divided Ijy the 
*acid, difiblves it with eafe as faft as it falls, and fo 
prevents its muddying the liquor. To evince that 
this is fo in faft, let the alkali be applied in a quan- 
tity that is not fufiicient, or but barely fufiicient, to 
faturate the acid, and the Iron will then precipitate 
like any other metal. 

Water alfo afts upon Iron ; and therefore Iron 
expofed to moifliure grows rufty. If Iron-filings 
be expofed to the de\y, they turn wholly to a ruft, 
which is called Crocus Martis Aperiens. 

Iron expofed to the fire together with nitre makes 
it detonate pretty brifl^ly, fets it in a flame, and dc- 
compofes it with rapidity. 

Thifi 
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This metal hath a greater affinity than any other 
metalline fubftance with fulphur ; on which account 
it is fuccefsfuUy ufed to precipitate and feparate all 
metalline fubftances combined with fulphur. 

Sulphur uniting with Iron communicates to it 
fuch a degree of fufibility, that if a mafs of this 
metal heated red-hot be rubbed with a bit of fulphur, 
it inceflantly runs into as perfeft a fufion as a metal 
expofed to the focus of a large burning-glafs. 

§. V. 0/TiN. 

Tin is the lighted of all metals. Though it 
yields eafily to the impreflion of hard bodies, it has 
but little duftility. Being bent backwards and for- 
wards it makes a fmall crackling noife. It flows 
with a very moderate degree of fire, and long be- 
fore it comes to be red-hot. When it is in. fufion, 
its furface foon grows dufky, and there forms upon 
it a thin dark-coloured dufly pellicle, which is no 
other than a part of the Tin that has loft its phlo- 
gifton, or a calx of Tin. The nietal thus calcin- 
ed eafily recovers its metalline form on the addition 
of a phlogifton. If the calx of Tin be urged by a 
ftrong fire it grows white, but the greateft violence 
of heat will not fufe it ; which makes fome Chymifts 
confider it as a calcinable or abforbent earth, rather 
than a vitrifiable one. Yet it turns to glafs in fome 
fort when mixed with any other fubftance that vitri- 
fies eafily. However, it always produces an imper- 
fect glafs only, which is not at all tranlparent, but 
of an opaque white. The calx of Tin thus vitri- 
fied is called Enamel Enamels are made of feveral 
colours by the addition of this or that metalline 
calx. 

Tin unites eafily with all the metals ; but it de- 
ftroys the duftility and malleability of every one of 
'them. Lead excepted. Nay, it poflefles this proper- 
ty of making metals brittle in fuch an eminent de- 

F 3 grec. 
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crec, that the very vapour of it, when in fufion, - is 
capable of producing this cfFeft. Moreover, which 
is very Angular, the moft duftil^ metals, even Gold 
imd Silver, are thofe on which it works this change 
with the moft eafe and in the greateft degree. It has 
alfo the property of n^aking Silver mixed with i% 
flow over a very fmall fire. 

It adheres to, and in fome meaiure incorporates 
with, the furface of Copper and of Iron \ whence 
^rofe the pra6|ice of coating over thofe metals with 
Tin. Tin-Plates are no other tUan thin plates of 
Iron tinned over. 

If t;o twenty parts of Tin one part of Copper bo 
added, this alloy renders it inuch more foli^? and 
the mixed mafs continues tolerably dudile. 

If on the contrary to one part of Tin ten parts of 
Copper be added, together with a little Zipk, a femi-» 
metal to be confidered hereafter, fronj this combi^ 
nation there refuits a metalline compound which isi 
hard, brittle, and very fonorous ; fo that it is ufe4 
for cafting bells : this compofitipn is caJkd Bronze^ 
^nd Bdl-metal. 

Tin hath an affinity with the vitrioUc, nitrous, and 
sparine acids. All of them attack and corrode it ; 
yet none of them is able to diffolvc it without great 
difficulty : fo that if a clear folution thereof be de- 
lired, patticwlar methods muft be employed for that 
purpoie -, for the acids dp but in a manner calcine it, 
ffnd ponvert it to a kind of white calx or precipitate, 
The folvent which has the greateft power over it isi 
aqua regis^ whjich has even a greater affinity there- 
with than with Gold itfelf ; whence it follows that 
Gpld diflplved in aqua regis may be precipitated by 
means of X^" > ^M^ the^l the aqua regis' muft be. 
Weakened. Gold thus precipitated by Tin is. of a 
^oft beautiful colour, and. is ufed fof a red in, en- 
ameling and painting on pQrcelai?\, as. alfp tp givq 
ft fed coIquj tq srtAficiatI gem§, If \\^^a^uaj^gis. 
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be not lowered, the precipitate will not have the 
purple colour. 

Tin hath the property of giving a great liiftre to 
all red colours in general ; on which account it is 
ufed by. the dyers for ftriking a beautiful fcarlet, and 
tin veflels are employed in making fine fynip of vi- 
olets. Water does not a<5l upon this metal, as it 
does upon Iron and Copper ; for which reafbn it is 
not fubjeft to ruft : neverthelefs when it is expofed 
to the air its furface fbon lofes its poliih and iplen* 
dour. 

Tin mixed with nitre and expofed to the fire 
deflagrates with it, makes it detonate, and is imme- 
diately converted to a refra£lory calx: for fo all 
fubflances are called which are incapable of fiifion. 

Tin readily unites with fulphur, and with it be- 
comes a brittle and friable mafs. 

§. VL 0/Lead. 

Next to Gold and Mercury Lead is the heavieft 
of all metalline fubflances, but in hardneis is exceed* 
cd by every one of them. Of all metals alfb it melts the 
eafiefl, except Tin. While it is in fufion there ga- 
thers inceffantly on its furface, as on that of Tin, a ' 
blackifh, dufly pellicle, which is nothing but a calx 
of Lead. 

This calx further ^calcined by a moderate fire, . 
the flame being reverberated on it, foon grows white. 
If the calcination be continued it becomes yellow, 
and at laft of a beautiful red. In this ftate it is 
called Minium^ and is ufed as a pigment. Minium 
is not eafily made, and the operation (ucceeds well 
in large manufadures only. 

To convert Lead into Litharge^ which is the 
metal in a manner half vitrified, you need only 
keep it melted by a pretty ftrong fire ; for then 
as its furface gradually calcines, , it tends . more and 
more to fufion and vitrification, 

r4 AU 
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All thefe preparations of Lead are greatljr difpo- 
fcd to perfed fufion and vitrification, and for that 
purpofe require but a moderate degree of fire ; the 
calx or earth of Lead being of all metalline earths 
that which vitrifies the moft eafily^ 

Lead hath not only the property of turning 
into glafs with the greatefl: facility, but it hath alio 
that of promoting greatly the vitrification of all the 
other imperfedt metals ; and, when it is actually vi- 
trified, procures the ready fufion of all earths and 
ilones in general, even thofe which are refi-aftory, 
that is, which could not be fufed without its 
help. 

Glafs of Lead, befides its great fufibility, hath 
ftlfo the Angular property of being fo fubtile and 
aftive as to corrode and penetrate the crucibles in 
wliich it is melted, unlefs they be of an earth that 
is exceeding hard, compaft, and withal very refrac- 
tory : for Glafs of Lead, being one of the moft 
powerful fluxes that we know, if the earth of the 
crucible in which it is melted be in the fmalleft 
degree fufible, it will be immediately vitrified 5 
cfpecially if there be any metallic matter in its com- 
pofition. 

The great aftivity of Glafs of Lead may he weak- 
ened by joining it with other vitrifiable matters : but 
unlefs thefe be added in a very great proportion, it 
will ftill remain powerful enough to penetrate com- 
mon earths, and carry off the matters combined 
with it. 

On thefe properties of Lead, and of the Glafs of 
Lead, depends the whole bufincfs of refining Gold and 
Silver. It hath been ftiewn that as thefe two metals 
Ve indeftruftible by fire, and the only ones which 
have that advantage, they may be feparated from 
the imperfeft metals, when mixed therewith, by ex- 
pofing the compound to a degree of fire fufficiendy 
ftrong to vitrify the latter j which when once con- 
verted 
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verted into glafe can no longer remain united with 
any metal that has its metalline form. But it is very 
difficult to procure this vitrification of the imperfeft 
metals, when united with Gold and Silver ; hay, it 
is in a manner impoffible to vitrify them entirely, 
for two reafons : firft, becaufe moft of them are natu- 
rally very difficult to vitrify ; fecondly, becaufe the 
union they have contrafted with the perfeft metals 
defends them, in a manner, from the aftion of the 
fire, and that fo much the more effcftually as the 
proportion of the perfeft metals is greater j which 
being indeftruftible, and in fome fort coating over 
thofe with which they are alloyed, ferve them 
as a prefervative and impenetrable fhield againft the 
utmoft violence of fire. 

It is therefore clear that a great deal of labour 
may be faved, and that Gold and Silver may be 
refined to a much greater degree of purity than can 
otherwife be obtained, if to a mixture of thefe metals 
with Copper, for iijiftance, or any other imperfed me- 
tal, be added a certain quantity of Lead. For theLead, 
by its known property, will infallibly produce the 
defired vitrification ; and as it likewife increafes the 
proportion of the imperfedl metals, and fo leflens 
that of the perfefl; metals, in the mafs, it evidently 
deprives the former of a part of their guard, and 
fo e(Fe6l§ a more complete vitrification. In conclu- 
fion, as the Glafs of Lead hath the property of 
, running through the crucible, and carrying with it 
the matters which it has vitrified, it follows that 
when the vitrification of the imperfeft metals is ef- 
fcfted by its means, all thofe vitrified matters toge- 
ther penetrate the veflel containing the fufed metal- 
line mafs, difappear, and leave only the Gold and 
Silver perfeftly pure, and freed, as far as is poflible, 
from all admixture of heterogeneous parts. 
* The better to promote the feparation of fuch parts 
it is ufual to employ in this procefs a particular fort 

of 
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of fmall crucibles, made of the afties of calcined 
bones, which are exceedingly porous and eafily per- 
vaded. They are called cupels ^ on account of their 
figure, which is that of a wide-mouthed cup : and 
from hence the operation takes its name ; for when 
we reSne Gold and Silver in this manner we arc 
faid to cupel thofe metals. It is eafy to perceive that 
the more Lead is added the more accurately will the 
Gold and Silver be refined ; and that fo much the 
more Lead ought to be added as the perfect metals 
are alloyed with a greater proportion of the imperfeft. 
This is the moft fevere trial to which a perfeft 
metal can be put, and confequently any metal that 
{lands it may be fairly confidered as fuch. 

Il> order to denote the finenefs of Gold, it is fup- 
pofed to be divided into twenty-four parts called 
carats •, and Gold which is quite pure and free from 
all alloy is faid to be twenty-four carats fine j that 
which contains ^t P^^^ of alloy is called Gold of 
twenty- three carats \ that which contains ^V of al- 
loy is but twenty-two carats ; and fo on. Silver 
again is fuppofed to be divided into twelve parts on- 
ly, which are called penry-weigbts : fo that when 
abfolutely pure it is faid to be twelve pennj-weights 
fine \ when it contains t^ of alloy, it is then called 
eleven penny-weights fine ; when it contains -rV of 
?illoy, it is called ten penny-weights fine, and fo on. 

In treating of Copper we promifed to Ihew under 
the article of Lead how to feparate it from Iron. 
The procefs is founded on that property of Lead 
which renders it incapable of mixing and uniting 
with Iron, though it readily diflblves all other me- 
talline fubftanccs. Therefore if yqu have a mafs 
compounded of Copper and Iron, it muft be fufed 
with a cert^ .quantity of Lead, and then the Cop* 
per, h ater affinity with Lead than with 

tror \t latter and join the former, 

wf" iblc of any uoion with Iron, as 

was 
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^sts faid, will wholly exclude it from the new com- 
pound. The next point is to feparate the Leacf 
from the Copper ; which is done by expofing the 
inafs compounded of thefe two metals to a degree 
of fire ftrong enough to deprive the Lead of its 
metalline form, but too weak to have the fanie ef- 
fect on the Copper : and this may be done ; finco 
of all the imperfeft metals Lead is, next to Tin, 
the eafieft to be calcined, and Copper on the contra- 
ry refifts the greateft force of fire longed, with-f 
out lofing its metalline form. Now what we gaia 
by thiis exchange, viz. by feparating Copper from 
Iron and uniting it with Lead, confifts in this, that 
as Lead is calcined with lefs fire than Iron, the Cop-? 
per is lefs expofed to be deftroyed : For it muft be 
obferved that, however moderate the fire be, it is 
hardly poflible to prevent a certain quantity thereof 
from being calcined in the operation. 

Lead melted with a third p^rt of Tin forms ^ 
compound, which being expofed to a fire capable 
of making it thoroughly red-hot, fwells, puffs up, 
feems in fome fort to take fire, and is prefently cal- 
cined. Thefe two metals mixed together are much 
fooner calcined than either of them feparately. 

Both Lead and Tin are in fome meafure affefted 
by water, and by a moift air ; but they are both 
much lefs fubjeft than Iron or Copper to be corro- 
ded by thefe folvents, and of courfc are much lefs 
leis liable to ruft. 

The vitriolic acid afts upon and diflblves Lead 
much in the fame manner as it doth Silver. 

The nitrous acid diflblves this metal with much 
eafe and in great quantities ; and from this folutiqn 
a fmall portion of mercury may be obtained. O^ 
tliis fubjeft fc? our Element f of the Practice pf Cby- 
fniftry. 

When this folution of Lead is diluted with a 
good deiil of Wfttcfij ^hf Lead precipitates in the 

form 
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form of a white powder ; which happens becaufe 
the acid is rendered too weak to keep the Lead diP 
folved- 

If this fokition of Lead be evaporated to a cer- 
tain degree, it (hoots into cryftals formed like regu- 
lar pyramids with fquare bales. Thefe cryftals are 
of a yellowilh colour and of a iaccharine tafte : 
they do not eafily diflblve in water. This nitrous 
metalline fait has the fingular property of detonat- 
ing in a crucible, without any additament, or the 
contadt of any other inflammable fubftance. This 
property it derives from the great quantity of 
phlogifton contained in and but loofely conne^ked 
with the Lead which is one of its principles. 

If fpirit of fait, or even lea-lalt in fubftance> 
be added to a folution of Lead in the nitrous acid, 
a white precipitate immediately falls ; which is no 
other than the Lead united with the marine acid. 
This precipitate is extremely like the precipitate of 
Silver made in the fame manner, and that being 
called Luna cornea hath occafioned this to be named 
Plumbum corneum. Like the luna cornea it is very 
fufible, and being melted hardens like it into a kind 
of horny fubftance : it is volatile, and may be re- 
duced by means of inflammable matters combined 
with alkalis. But it diflTers from the luna cornea m 
this chiefly, that it diflfolves eaiily in water ; whereas 
the luna cornea^ on the contrary, diflblves therein 
with great difficulty, and in a very fmall quantity. 

As this precipitation of Lead from its folution 
in Ipirit of nitre is procured by the marine acid. 
Lead is thereby proved to have a greater affinity 
with the latter acid than with the former. Yet, if. 
you attempt to diflTolve Lead diredUy by the acid of 
fea -fait, the folution is. not fo eafily efiefted as by the 
Ipirit of nitre, and it is always imperfeft ; for it 
wants one of the conditions elfential to every folu- 
tion in a liquor, namely tranfparency. 

If 
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If Lead be boiled for a long time in a lixivium of 
fixed alkali, part of it will be diffolved. 

Sulphur renders this metal refraftory and fcarcc 
fofible ; and the mafs they form when united 
together is friable. Hence it appears that ful- 
phur a6ts upon Lead much in the fame manner 
as upon Tin ; that is, it renders both thefe metals 
iefs. ftifible, which are naturally the moft fufible of 
any, while it exceedingly facilitates the fufion of 
Silver, Copper, and Iron, metals which of them- 
iclves flow with the greateft difficulty. 



CHAP. IX. 

Of QjJ I C K-S I L V E R. 

WE treat of Quick-filver in a chapter apart, 
becaufe this metallic fubftance cannot be 
clafled with the metals properly io called, and yet 
has fome properties which will not allow us to con- 
found it with the femi-metals. The reafon why 
Quick-filver, by the Chymifts commonly called 
Mercury, is not reputed a metal is, that it wants • 
one of the eflential properties thereof, to wit, mal- 
leability. When it is pure and unadulterated with 
any mixture, it is always fluid, and of courfe unmal- 
Icable. But as, on the other hand, it eminently 
pofiefles the opacity, the fplendour, and above all 
the gravity of a metal, being next to Gold the hea- 
vieft of all bodies, it may be confidered as a true 
metal, diflFering from the refl: no otherwife than by 
being conftantly in fufion 5 which we may fuppofe 
arifes from its aptnefs to flow with fuch a fmall degree 
of heat, that be there ever fo little warmth on earth, 
there is ftill more than enough to Jceep Mercury in 

fufion \ 
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fufion ; which would become folid and ixiaileable if k 
were poiTible to apply to it a degree of cold confi- 
derable enough for that purpofe. Thefe properties 
will not allow us to confound it with the femi-me- 
tals; Add that we are not yet.aflured by any un- 
doubted experiment that it can be wholly deprived 
of its phlogifton, as the imperfe£t metak may* 
Indeed we cannot apply the force of fire to it as 
could be wiihed : for it is fo volatile that it flies oiF 
and exhales in vapours with a much lefs degree of 
fire than is nQcefl^ry to make it red-iiot. The va- 
pours of Mercury thus raifed by the aftion of fire, 
being colIe£bed and united in a certain quaatity, ap- 
pear to be no other than true Mercury, retaining 
every one of its properties ; and no experiment hath 
ever been able to IHew the leaf): change thus produ- 
ced in its nature. 

If Mercury be eipofed to the greafeft heat that it 
can bear without fublimation, and continued in it 
for feveral months, or even a whole year together^ 
it turns to a red powder, which the Chymifts call 
Mercurius pracipitaius per fe. But to fucecd ia this 
operation it is abfblutely neceflary that the heat be 
fuch as is above-fpecified ; for this metallic fubftance 
may remain expofed to a weaker, heat for a coiifi- 
dcrable number of years, without undergoing any 
fenfible alteration. 

Some Chymifts fancied that by this opera- 
tion they had fixed Mercury and changed its na- 
ture ; but without any reafon : for if the Mercury 
thus feemingly tranfmuted be expofed to a fome- 
what ftrongpr degree of fire, it fublimcs and exhales 
in vapours as ufual j and thdfe vapours colkded 
are nothing elfe but running Mercury, which has 
recovered all its properties without the help of any 
additament. 

Mercury has the property of diflblving all the 
metals> Iron only excepted. vBut it is a condition 

abfolutely 
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abfolutely neceffary to the fuccefs of fuch diflblu- 
tion, that the metalline fubftances be poflefled of 
their phlogifton -, for if they be calcined. Mercury 
cannot touch them : and hence it follows that Mer- 
cury doth not unite with fubftances that are purely 
earthy. Such a combination of a metal with Mercury 
is called an Amalgam. Trituration alone is fufficient 
to efFed it 5 however, a proper degree of heat alfo is 
of ufe. 

Mercury amalgamated with a metal gives it a 
confiftence more or lefs fbft, and even fluid, accord- 
ing to the greater or fmaller proportion of Mercury 
employed. All amalgams are loftened by heat, and 
hardened by cold. 

Mercury is very volatile ; vaftly more fo than the 
moft Unfixed metals : moreover the union it con- 
trails with any metal is not fufficiently intimate to 
entitle the new compound refulting from that union 
to all the properties of the two fubftances united ; 
at leaft With regard to their degree of fixity and vo- 
latility. From all which it follows that the beft 
and fureft method of feparating it from metals dif- 
Iblved by it, is to expofe the amalgam to a degree 
of heat fufficient to make all the Quick-filver rife 
and evaporate ; after which the metal remains in the 
form of a powder, and being fufed recovers it$ 
ihalleabillty. If it be thought proper to fave the 
Quick-filver, the operation muft be performed in 
clofe veflels, which will confine and coUeft the 
mercurial vapours. This operation is moft fre- 
quently employed to feparate Gold and Silver from 
the feveral forts of earths and fands with which they 
atre mixed in the ore; becaufe thefe tv^o metals. 
Gold efpecially, are of fufficient value to compen- 
fate the lofs of Mercury, which is inevitable in this 
jirocefs : befides, as they very readily amalgamate 
'^vith it, this way of feparating them from every 
thing unmetallic is very facile and commodious. 

Mercuiy 
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Mercury is diflblved by adds -, but with circumf 
fiances peculiar to each particular fort of acid. 

The vitriolic add concentrated and made boiling 
hot feizes on it, and prefently reduces it to a kind of 
white powder, which turns yellow by the afftifion 
of water, but does not difliblvc in it : it iS called 
Turhitb AfmeraL However, the vitriolic acid on this 
occafion unites with a great part of the Mercury in 
fuch a manner that the compound is foluble in wa- 
ter, . For if to the water which was ufed to waJh 
the Turbith a fixed alkali be added, there falls in- 
ftantly a ruflet-coloured precipitate, which is no 
other than Mercury feparated from the vitriolic acid 
by the intervention of the alkali. 

This diflblution of Mercury by the vitriolic acid 
is accompanied with a very remarkable phenome- 
non -, which is, that the acid contrafls a ftrdng fitiell 
of volatile fpirit of fulphur : a notable proof that 
part of the phlogifton of the Mercury hath united 
therewith. And yet, if the Mercury be Separated 
by means of a fixed alkali, it does not appear to 
have fuffered any alteration. Turbith mineral is 
not fo volatile as pure Mercury. 

The nitrous acid diflblves Mercury widi cafe. 
The folution is limpid and tranfparent, and as it 
grows cold (hoots into cfyftals, which are a nitrous 
mercurial fait. 

If this folution be evaporated to drynefs, the 
Mercury remains impregnated With a little of the 
acid, under the form of a red powder, which hath 
obtained the names of Red Precipitate^ and Arcanum 
Corallinum. This Precipitate, as well as Turbith, 
is lefs volatile than pure Mercury. 
. If this folution of Mercury be mixed with a fo- 
lution of Copper made lik^wife in the nitrous acid, 
and the mixture evaporated to drynefs, thfere will 
remain a green powder called Green Precipitate. 
5 Thtfc 
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Theft precipitates are cauftic and corrofivt ; arid arc 
ufed as fuch in furgery. 

Though Mercury be diflblved more cafily and 
completely by the nitrous acid than by the vitriolic, 
yet it has a greater affinity with the latter than with 
the forn^ier : for if a vitriolic acid be poured into a 
Iblution of Mercury in fpirit of nitre, the Mercury 
ivill quit the latter acid in which it was diflblved, 
and join the other which was added* The fame 
thing happens when the marine acid is employed 
inftead of the vitriolic. 

Mercury combined with fpirit of fak forms a An- 
gular body 5 a metalline fait which fhoots into long 
cryftals, pointed like daggers. This fait is volatile, 
and lublimes eafily without decompofition. It is 
moreover the moft violent of all the corrofives hi- 
therto difcovered by Chymiftry. It is called Corro- 
five SuMimatey becaufe it muft abfolutely be lublim- 
ed to make the combination perfedt. There are fe- 
veral ways of doing this : but the operation will 
never fail if the Mercury be rarified into vapours 
and meet with the marine acid in a fimilar ftatc. 

Corrofive Sublimate is diflblved by water, but in 
very fmall quantities only. It is decompounded by 
fixed alkalis, which precipitate the Mercury in a 
reddifh yellow powder, called on account of its co- 
lour Tellow Precipitate. 

If Corrofive Sublimate be mixed with tin, and 
the compound diftilled, a liquor comes over which 
continually emits abundance of denfe fumes, and 
from the name of its inventor is called the Smoke- 
ing Liquor of Libavius. This liquor is no other 
than the tin combined with the marine acid of the 
Corrofive sublimate, which therefore it hath aftually 
decompounded : whence it follows that this acid hath 
a greater affinity with tin than with Mercury. 

The marine acid in Corrofive Sublimate is not 

quite faturated with Mercury, but is capable of 
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uking up a much greater quantity theitcof. For if 
Corrofive Sublimate be mixed with freQi Mercury, 
and fublimed a fecond time, another compound 
will be produced containing much mor^ Mercury, 
and lefs acrimonious 5 for which reafon it i$ named 
Swee( Sublimate of Mercury^ Mercurius dulciiy j4quila 
alba. This compound may be taken incemally, and 
is purgative or emetic according to the dofe admi- 
niftercd. It may be rendered ftill more gentle by 
repeated fublimations, and th^n it takes the title of 
Panacea Mercurialis. No way hath hitherto been 
found to diflblve Mercury in aqua regis without 
great difficulty, and even then it is butimperfe&ly 
difTolved. 

Mercury unites eaiily and intimately with.fulphur.. 
If thefe two fubftances be only rubbed together in 
a gentle heat, or even without any heat, they will con- 
traft an union, though but an incomplete one. This 
combination takes the form of a black powder, 
which has procured it the name of JSlbiops mineral. 

If a more intimate and perfed union be defircd, 
this Compound muft be expofed to a ftronger heat ; 
and then a red ponderous fubftance will be fublim- 
ed, appe^ing hke a mafs of (hining needles : .this 
is the combination defired, and is ciiXtdCinakar. In 
this form chiefly is Mercury found in the bowels of 
the earth. Cinabar finely levigated acquires a much 
brighter red colour, and is known to painters by the 
name of Vermilion. 

Cinabar rifes wholly by fublimation, without 
fufFering any decompofition ; becaufe the two fub- 
ftances of which it confifts, viz. Mercury and ful- 
phur, are both volatile. ^ . 

Though Mercury unites and combines very well 
with fulphur, as hath been faid, yet it hath lefs affinity 
with that mineral than any other met^l. Gold 
only excepted: whence it follows that any of the 
other metals will decompound Cinabar^ by uniting 

with 
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with its fulf^hur^ and fo fettingthe Mercury at li- 
berty to appear in its ufual forril. Mercury thus 
feparaied fromfulphur is efteemed the purfeft, 
and' bears' the name of Mercury revivified from Ci-. 
nahaK 

Iron is generally ufed in this operation preferably 
to the c^hcr metals, becaufe among them all it has 
thefgitateft ^nity with fulphur, and is the only one 
tharhas none with Mercufy. 

• Cinabar may alfo be deccMnpounded by means of 
<ixed alkalis ; the affinity of thefe falts with fulphur 
being* generally greater than that of any metalline 
Eibft ance whatever. 
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C H A ^. IX. 

Of th SeMi-Mettals. 

§• L Cy REGtJtUS OF ANTIMONYi 

E G U L tJ S of Antimony b a metallic fub- 
ftance of a pretty bright white colour. It has 
ihfe fplendour^ opacity, and gravity of a metal : butt 
it is quite unfnalleable, and crumbles to duft, in- 
ftead of yielding or ftretching, under the hammer ; 
on which account it is clafled with the Scmi-metals; 

It begins to flow as foon as it is moderately red ; 
but, like the other Semi-metals, it cannot ftand a 
violent degree of fire \ being thereby diflipated into 
fmokeand white vapours, which adhere to fuch cold 
bodies as they meet with, and fo are colleded into a 
kind 6f fafina cilled Flowers of Antimony i ' 

If Reguius of Antimony, inftead of being ex- 
^fed to a ftrong fire, be only heated lb mode- 
rately that tt fliall not even melt, it will calcine, 
lofe its phloglfton,' and take the form of a grey- 
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i(h powder defltcute of all iplendour : this powder 
is called Calx of Antimony. 

This calx is not volatile like the R^ulus, but 
•will endure a very violent fire ; and being expoled 
thereto will flow, and turn to a glafs of the yellowilb 
colour of a hyacinth. ^^ 

It is to be obferved that die more the Rq^ulos is 
deprived of its phlogiilon by continued calcination^ 
the more refraftory is the calx obtained from it. 
The glafs thereof has alio fo much the leis colour, 
and comes the nearer to common glafs. 

The Calx and the Glais of Antimony will recover 
their metalline form, like every other Calx and 
Glafs of a metal, if reduced by reftoring to them 
their ioft phlogifton. Yet if the calcination be car* 
ried too far, their rcduftion will become much more 
difficult, and a much fmaller quantity of Regulus 
will be refufciuted. 

Regulus of Antimony is capable of diilblving the 
metals ; but its affinities with them are various, and 
differ according to the following order. It affe&s 
Iron the moft powerfully, next Copper, then Tin, 
Lead, and Silver, It promotes the fufion of metals, 
but makes them all brittle and unmalleable. 

It will not amalgamate with Mercury; and though 
by certain proceifes, particularly the addition of 
water and continued trituration, a fort of uhion be- 
tween thefe two fubftances may be produced, yet it 
Is but apparent and momentary 4 for being left to 
themfelvcs and undifturb^d they quickly difunite and 
feparate*. 

* M. Malouin, however, hath found a way to unite theie two 
metallic fubilances : but then he does it by the imerpofiticm of fid- 
phur ; that is, he combines crude Antimony with Mercftry. 
This combination is brought about ia the fame way that ^Sthi- 
Ops jnineral is made j viz. .either hy fuiion, ©r by trituration 
only without fire. Itrefembles the common ifithiops, and M. 
Malouin calls it uEthiops of Antimony, He obferved that Mer- 
cury unites with Antimony much more iutimatelf, by melting 
than by rubbing them together. 
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The vitriolic acid, affifted by heat, and even by 
diftillation, diflblves Regulus of Antimony. The 
nitrous acid Ukewife attacks it; but the fblution 
can by no art be made clear and limpid : fb that the 
Reguius is only calcined, in a manner, by this acid. 

The marine acid diflblves it well enough ; but 
then it mujft be exceedingly concentrated, and appli- 
ed in a peculiar manner, and ejpeciafly by diftilla- 
tion. One of the beft methods of procuring a per- 
fect union between the acid of fea-falt and Re- 
gulus of Antimony, is to pulverize the latter, mix 
it with corrofive Uiblimate, and diftill the whole. 
There rifcs in the operation a white matter, thick 
and fcarcc fluid, which is no other than the Regulus 
of Antimony united and combined with the acid of 
fea-falt. This compound is extremely corrofive, 
and is called Butter of Antimony. 
^ It is plain that the corrofive fublimate is here de- 
compounded 5 that the Mercury is revivified, and 
that the acid which was combined therewith hath 
quitted it to join the Regulus of Antimony, with 
which its affinity is greater. This Butter of Anti- 
mony by repeated diftillations acquires a confide- 
rable degree of fluidity and limpidnefs. 

If the acid of nitre be mixed with Butter of An- 
timony, and the whole difl:illed, there rifes an acid 
liquor, or a fort of aqua regis^ which dill retains 
fome of the diflblved Regulus, and is called Bezo- 
ardic Spirit of Jfitre. After the diftillation there 
renuins a white matter, from which frelh fpirit of 
nitre is again abfl:ra6led, and which being then walh- 
ed widi water is called Bezoar mineral. This Bczoar 
mineral is neither fo volatile,, nor fo cauftic, as Butter 
of Antimony ; bccaufe the nitrous acid bath not the 
property of volatilizing metallic fubftances, as the 
jnarine acid does, and becaufe it remains much more 
imimatcly combined with the reguline part. 
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If Butter of Antimony be mixed with water, the 
liquor immediately becomes turbid and milky, anc| 
a precipitate falls, whjch is nothing but the metallic 
piatter partly feparated from its acid, which is top 
much weakened by the addition of water to keep it 
diffolved. Yet this precipitate ftill retains a good 
deal of acid ; for which reafon it continues to be a 
violent emetic, and in fomc degree corrofive. It 
hath therefore been very improperly called Mercu* 
rius Vita. 

The proper folvent of Regulus of Antimony h 
aqua regis •, by means whereof a clear and limpid 
folution of this Semi- metal may be obtained. 

Regulus of Antimony mbced with nitre, and pro- 
jefted into a red-hot crucible, fets the nitre in a flame, 
and makes it detonate. As it produces this effedl by 
means of its phlogifton, it muft needs at the fame 
time be calcined, and Iqfe its metallic properties, 
which accordingly happens : and when the nitre is 
in a triple proportion to the Regulus, the latter is fo 
perfeftly calcined as to leave only a white powder, 
which is fufed with great difficulty, and then turns 
to a faintly coloured glafs, not very difFerei;it from 
common glafs, and which is not reducible to a Re- 
gulus by the addition of inflammable matter 5 at 
leaft it yields but a very fmall quantity thereof. If 
lefs nitre be ufed, the calx is not fo white -, the glaft 
it produces is more like a metallii^e gla(s, and is 
more eafily reduced. The calx of the Regulus thus 
prepared by nitre is called, on account pf the medi- 
cinal virtue afcribed to it, Diaphoretic antimorr^y or 
Diaphoretic mineral. 

Nitre always becomes an alkali by deflagration, 
and in the prefent cafe retains part of the calx, 
which it even renders foluble in water. This calx 
may be feparated from the alkali, if an acid be em- 
ployed to precipitate it ; and then it is called Mate- 
ria per lata. This pearly matter is a calx of Anti- 
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rnony, fo completely deprived of its phlogifton as 
to be' altogether incapable of reduftion to a Re- 
gulus. 

Regulus of Antimony readily joins and unites 
with fulphur, forming therewith a compound which 
has a very faint metallic fplendour. This com- 
pound appears like a mafs of long needles adhering, 
together laterally ; and under this form it is ufu-^ 
ally found in the ore, or at leaft when only feparat- 
cd by fufion from the ftones and earthy matters 
with which the ore is mixed. It is called Crude 
Antimony. 

Antimony flows with a moderate heat, and be- 
' comes even more fluid than other metallic fub- 
ftances. The adlion of fire difllpates- or confumes 
the fulphur it contains, and its phlogifton alfo, fo 
as to convert it into a calx and a glafs, as it does 
the Regulus. 

Aqua regis^ which we obferved to be the proper 
folvent of the Regulus, being poured on Antimony 
attacks and difliblves the reguline part, but touches 
not the fulphur ; in confequence whereof it decom^ 
pofes the Antimony, and feparates its fulphur from 
its Regulus. 

There are feveral other ways of effefting this de- 
compofition, and obtaining the reguline part of An- 
timony by itfelf : they confift either in defliroying 
the fulphureous part of the Antimony by combuf- 
tion, or in melting the Antimony with fome fub- 
ftance which has a greater affinity than its reguline 
part with fulphur. Mofl: metals are very fit for 
this latter purpofe : for though the Regulus has ^ 
confiderable affinity with fulphur, yet allthe metals, 
except Gold and Mercury, have a greater. 

If therefore Iron, Copper, Lead, Silver, or Tin, 
be melted with Antimony, the metal erriployed 
will unite with the fulphur, and feparatc it from the 
Kegulus. 
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U mu{t be obftrvod tluit, as dide metals haiwe 
focne a&iity wkh fhe R^gMl^^ ofyAnumony^ the 
Regulos Will be joined io the bpemioo by fimie of 
the metai employed as a Ptfiipitanfy (ib tibofe fi^ 
ftaoces aie calkd which ferve as the means S3£ Iqa- 
tiog two bodies from each other ;) aod therefore d» 
Regplus prociued in this maooer will noc be abfb- 
)utely pure : on chi9 account care is taken to diftis- 
|g;uiih each by adding the name <tf the metal em- 
ployed in its precipitation ; lind thence come diefe 
(itles. Martial Regulns «/ Aniimnff^ or only JMariud 
ReguluSj Reguks Veneris \ and ib of the reft. 

Antimony is employed ¥^ith advantage to feparate 
Gold from all the other metals with which it may 
be alloyed. It has been fhewn that all the metals 
bave a greater affinity, than the rogulinc part of 
Antimony, with fulphur. Gold only «ccptcd]^ which 
is incapable of contra£tiog any union therewith : and 
liierefore, if a mais compounded of Gold and k- 
vepal other metals be melted with Antimony^ every 
thing in that mafs which is not Gold will tmite wit& 
(he ^olphur of the Antimony. This union occaficw 
two feparation$, to wit, that of the fulphur of the 
Antimony from its reguline part, and ihat of the 
Geld from the metals with wMch it was adulterat- 
ed \ ^d Irpm the whole two new compounds arife •, 
namely, a combination of the metals with the ful- 
phur, which being lighted rifes to the fur&oe ia 
lufion ; and a metalline mafe formed of the- Gokj 
and th^ reguline part <^ the Antimony umtnd tc^- 
ther, which being nwcb thci^ Keavieft fiiAs lo the 
bottom. There is i\o diflfculty. in parting the Gold 
from th? R^ulus of Antimony with which it i$ 
alloyed : for the meialline mafs need only be f^fo- 
fed to a degree of fire capable of diflipatiog into 
V^pqurs all the Semi-^metal it contains ; whidt being 
very volatile,, the operation is much eafier, and more 
^xpeditioudy finiihed, than if the metals v(\^ whicl> 
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^ the G<4d was debaftd -mtc to be Timfiedon th^ 
^ cupel ) without taking i^o the account that if Sil* 
ii ver wore one a£ them^ recouHe muflr needs be had 
i to the ppooefs/of quartMion after that of the cupels 
i If equal parts of nitre and Axitimony be mixed 
i Qogethcr^ apd the mixture expo&d to the a&ion of 
k BxCy a violent detonation enfues ; die nitre deflagra-' 
M f ing «coiifdmc$ the ftilphur of the Antimonjr, an4 
1 even a part of it$ phlogtfton, After the detona* 
I ttoo there remains a greyiih qaMnr vrhich contains 
ii 6xed nitre, vitridated tartar^ and . the r^uline part 
I of the Antimony in fome meafure de{nived ot ica 
i phk)giftQn, and half vitrified by tiie adion of the fire, 
i which is confiderably increafed by the deflagra* 

pott. This matter is calkd Uver of Antimenf. 
I If inflead of equal pans of nitre and Antimony, 

two parts of the foriner be uied to one of the latter^ 
I then tlie regulirie part loles madx more of its phlo- 
I ^fton, aind remains in the form of a yellpwifli 
I powder* 

A^n, if three parts of nitre be taken to one of 
{ Antimony, the Regulus is thereby entirely robbed 
of its i^og^n, and converted to a whitp calx which 
Ixars the name of Di^Iwritie Antimawf^ or Diapbo^ 
retic MineraL The pearly matter may be precipi^ 
fated by pooring an acid on the faline ftibftances 
which here remain after iS^ detonation, in the fame 
manner as we fhewed abovp wm to be done with 
tegard to the Regulus. 

In the laft two operations, wbsre the nitre is ii| 
a doulde or triple proportion to the Antimony, the 
reguline part is found irfter the detonation to be con- 
verted into a cabc, and not into a hatf vitrified 
mattery which we have ieen is the e&ft when equal 
parts osAf pf nitre and Antimony are ufbd. The 
leafonof this difference is, that in thefe two cafes, the 
reguline part, being iN^holly, or almofl: wholly, de^ 
pnyed-pf its phlogiftonj^ bftroTOC?, a^ was obfcrved, 
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more difficult to&ft^^ md con&qvmtif emnot be* 
gin. to vitnfy in ^die ^me degree^of heat as tbac 
which hath not loft fo much of nn phlogifton. If 
inftead of. perfcH-ming the operation with equal parts 
of nitre and Antihaony alone, a portion of fome 
fubftance which -abounds with pblcigifton be added^ 
in that cafe tlie fulphur only of the Antimony wili 
be confumcd, and the R^iilus will remain united 
with its phlogifton and fqparated from its iiilphun 

The Regujius prepared in this manner isabibjuce- 
]y pure, becaufe no metalline fubftance .being em- 
ployed, none can mix with and adulterate it- It 
IS called Rigulus of Antimottf per fe^ or only Regtdus 
^f jht'tmony. 

It is true indeed that in this operation much of 
the reguline part unavoidably lofes its phlogifton 
and is calcino], and coniequendy a much fmaller 
quantity of Regulus is obtained than .when metallise 
precipitants are etnployed : but this lofs is eafily re-t 
paired, if it be thought proper, by reftoring to the 
calcined part ks Idfl: phlogifton. 

Antimony melted with two parts of fixed alkaH 
yields no Regulus, but is entirely dillblved by the 
fait, iand forms with it . a mafs of ' a reddiih yellon^ 
colour. 

The reafon why no precipitate is produced on this 
cccafion is, that the alkali, uniting with the fulphur 
of the Antimony forms therewith the.. combination 
called Liver of Sulphur, which by its nature 
is qualified to keep the reguline part diiiblved. 
This mafs formed by the union of the Antimony 
with the alkali is fokible in 'water. If any acid 
whatever bedropc into this fokition, there falls, a pre- 
cipitate of a reddifh yellow colour \ becaufe the acid 
unites with the alkali, and forces it to quit the mat- 
ters with which it was combined. This predptatc; 
is called Golden Sulphur, of Antimotrf^ 

As 
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' r As iti the operation for prq)aring R^gukJs o£ 
^ A ntimony /)^y^, fome of the nitre is, by the iftfiam** 
^mable matters added thereto, turned to an aikali; 
^this alkali feizes on part of the Antimony, and 
^therewith forms a compound like that juftdefcribfed. 
' Hence it comes that if the fcoria^fbrmed in this jhtj-; 
^ cefs be diflblved in water, and an acid dropped into 
the fblutioh, a triie golden fulphurof Antimony is 
' thereby feparated. 

' This union of Antimony with an alkali- may alfo 
' be brought about by the humid way ; that is, . by 
^ making ufe of an alkali refolved into a liquor, and 
[ boiling the mineral in it. The alkaline liquor, jni 
proportion'^ it a6ts upon the Antimony, gradually 
becomes reddifli and turbid. If left, to fettle land 
cool when well faturated therewith, k gradually dc- 
pofites the Antimony it had taken up, which preci- 
pitates in the form of a red powder : and this precH 
pirate is the celebrated remedy kndwn by the n^nnj 
of Kermes mineral. It is plain that the kermes i^ 
nearly the fame thing with the golden fulpbur : yet 
i it differs from it in fome refpefts ; and eljpecially in 
this, that being taken inwardly it operates much 
more gently than the golden fulphur, which is a 
violent emetic. Nitre fixed by charcoal, and refol- 
ved into a liquor, is the only alkali employed in pre- 
paring the kermes. 

It was Ihewn above that Regulus of Antimony 
mixed and diftilled with corrofive fublimate decom- 
pounds it, difengages the Mercury, and joining 
itfelf to the marine acid forms therewith a new 
combination, • called Butter of Antimony. If 
the fame operation be performed with crude Anti- 
mony inftead of its Regulus, the fame cffefts are 
produced : but then the Antimony itfelf is alfo de- 
compofed \ that is, the reguline part is feparated 
from the fulphur, which being fet free unites with 
the Mercury, . now alfo at liberty, and thefe twp 
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together form a true cinabar called Cinabar of An\u 

§. II. 0/ B I S If U T H« 

Bismuth, known alio by the name of Tki*gIafiK 
is a femi-mdal, ' having almoft the fame appearaace 
as Regulus of Antimony; yet it has, a moiQ 
duf^y ^^9 inctimng fomewhat to red» and even 
prefents fome changeable (treaks, efpecially aftec 
lying long in the air. 

When expofed to the fire it meltJ long be&rt it 
is redt and confequently with lefs heat than Ren- 
ins of Antimony, which does not flow, as was ihevfi 
above, till it begin to be red-bot. It becomes vo- 
latile, like all the other femi-metals, when a&d 
on by a violent (ire : being kept in fuGon by % pRh 
per degree of heat it lofcs its phlogifton with its 
metallic form, and turns to a powder or a calx ; 
fuid that again is converted into glafs by the cond- 
niied a&ion of fire. The calx and glafs of Bifmutb 
may be reduced, like any other metallic calx, l^ 
fcftoring their phlogifton. 

Bifmuth mixes with all the metals in fufion, and 
iven facilitates the fuilon of fuch as do not other* 
wife flow readily* It whitens them by its unioo, 
aiKl deftroys their malleability. 

It ^amalgamates with Mercury, if they be rubbed 
together with the addition of water : yet after 
fome time thcfe two metalline fubftances defeit 
each other, and the Bifmuth appears again in the 
form <^ a powder. Hence it is plain that the union 
k contra<^ with Mercury is not perfe6t j and yet it 
It has the Angular property of attenuating Lead, and 
Altering it in fuch a m^ner that it afterwards acoal- 
gamates with Mercury much more pcrfeftly, fo as 
frven to pafs with it through fhamoy leather without 
any feparation. The Bifmuth emplovcd in making 
this amalgama afterwards feparatcs from it fponta- 
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neoufly^ as ufaal ; but the Ijcad ftill continues unit- 
ed with the Mercury, and always retains the pro- 
perty thus acquired. 

The vitriols acid docs tiot diffohre BHiniith : its 
pnG|)er folvent is the hitrous acid, whigh diflblvcs it 
with violence, and abundance of fumes. 

BifnHith diiOTolved in the nitrous ^id is precipi- 
tated not only by alkalis^ but even by the bare ad- 
dition of water. This precipitate is extremely white, 
apd known by the name of Ma^iftery ofBifmutb. 

The ^cid of fca-fak and aqua ngis likewife aft 
upon Bifmuth, but with lefs violence* 

This femi-metal does not fenfibly deflagrate with 
nitre ; yet it is quickly deprived of its phlogifton, 
afld turned into a vitrifiable calx, when expofed wiA 
it eo the adioti of fire. 

It readily unites with fulphur in fufion, and forma* 
therewith a compound which appears to confifl: of 
needles adhering laterally to each other. 

It niay be fq)arated From the fulphur with which 
it is combined, by only cxpc^ng it to the fire, 
without any additament ; for the fglphur is either 
confumed or fublimcd, and leaves the Bifmuth be- 
hind. 

§. III. 0/ Z I N c. 

. Zinc to appearance differs but little from Bif- 
muth, and has even been confounded witfi it by fc* 
vetal authors. Neverthelefi, befides th^ it has 
femething of a blucilh caft, and is harder than Bif- 
muth, it differs from it cflcntially in- its properties, 
as will prefently be fhewn. Thefe two metallic 
fubttances fcarce lefemble each other in any thing, 
but the qualities ccwnnuMi to all femi-metals. 

Zinc melts tJie moment it grows «:d in ffie fire, 
and thea alio begins to turn to a calx, which, like 
any other metallic calx, may be i^uced by means 
of the phlogifton : but if the fire be confiderably 
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increased, it fubUmcs, flames, and burns like an dif 
matter ^ which is a proof of the great quantity ci 
phlogiilon in its compontion. At the lame dmr 
aJbandance of flowers rife from it in the folrh of 
white flakes, flying about in the air like very figte 
bodies ; and iota this form may the whole fubflaiice 
of the Zinc be converted. Several names have 
been given to thefe flowers, fuch as Pomphdtz/ 
Philofophic Wool. They are fuppofcd to be no 
other than the Zinc itfelf deprived of its phk^iftoa^ 
yet no body has hitherto been able to rdu&itate 
them in the form of Zinc, by rcfloring their phlo* 
giflon according, to the methods ufed in the redac- 
tion of metals, . Though they xiic in the air with 
vety great eafe while the Zinc is calcining, yet wheI^ 
once formed they are very fixed ; for they withilafid 
tfie utmoft violence of fire, and arc capable of be- 
ing vitriBed, efpecially if joined with a fixed aikail 
They are foluble in acids.. 

Zinc unites with all metalline fubftances, except 
Bifmuth. It has this fingular property, that bdii^ 
mixtd with Copper, even in a con(iderablo:quantityi 
fuch as a fourth part, it does not gready leiien the 
dudtility thereof, and at the fame time communicates 
to it a very beautiful colour not unlike that of 
Gold : on which account the compofition is fre- 
quently made, and produces what is called Brafu 
This metal melts much more eafily than Copper 
alone, becaufe of the Zinc with which it is allc^^ 
If it be expofed to a great degree of heat, the Zinc 
which it contains takes fire, and fublimes in white 
flowers, jufl: as when it is pure. 

It is to be obfervcd that Brafs is duftile only wWlc 
it is cold, and not then unkfs the Zinc ufed in 
making it was very pure ; otherwife the compofition 
will prove but a Tombac or Prince's Mitul^ havii^ 
very little malleability, 

Zin<i 
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Zinc is very volatile, and carries off mtl^ it any 
metallic, dihftance with whicti it is fufed, ni 
kind of fublimate thereof. In the furnaces where they 
ihiekores^caDtainhig Zint,^ tht matter thus fublimed 
he <f ailed cadmiajomacum^^ to diftinguifh it from the 
sacive'£^n^^ called alfocalafMne^ or lapis cakmina^ 
ris\ which, properly fpcakiftg, is an ore of Zinc^ 
coQCaining a great deal of that femi-metal, together 
with fomc iron, and a fkony fubftance. The name 
of .cadma fornacum is not appropriated iblely to the 
metallic fublimates procured by means of Zinc, but 
is given in general to all che metallic iublimates 
found in fm^dng.houfes. 

If a violcntaodfudden heac be applied to Zinc^ 
it iublimes i in Its. metalline fori^i there not being 
timeibr it to bum and be refolved into flowers. 
; This ietbi^ metal is foluble in all the*teids, but 
c^^eciallytnrfptir of nitre; which attacks and dif- 
Iblvcs it with, very great vidleitce. ' 

r Zinc has>a greater affinity^ than iron or copper 
urich die vitriolic acid ^ and the^tfore it decompounds 
the ^een and blue vitriols, precipitating thofe two 
Doetab by umemg with die vimolic acid^ with which 
it fotma a metallic (alt or vitriol called White Vitriol^ 
ov Vitrid'.Qf Zinc. ^ ^ 

Nitre mixed with Zinc and proje£ted into a red- 
hot crucible detonates with . violence, arid during 
the detonation there rifes a great- quantity of white 
flowers, like thole which appear when it is calcined 
by itfelf . 

. Sulphur has no power x)ver Zinc. Even liver 
of fulphur, which difiblves all other mfetallic fub- 
fiances, contradb no union with this iemi-metal. 

Meff. Hellot aiKi Malouin have bcftowed- a great 
deal of pains on this iemi-noetal. An account of 
cheir expenments ia to be foond in the Memoirs of 
the Academy of Sciences, 

§. IV. Of 
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§. IV. Of Re^ulvs or Ansxifie. 

REGULUS of Arienk b cbe moft volatik of 
all the iemi-m6Ul& A very moderate heat makes 
it wholly evaporate, and fly off in fumes ; on which 
account it cannot be biXMUj^t to fufion, m^ can any 
confiderable mafles thereof be obtained* It has a 
metallic colour, finnewhat refembling Lead; but 
it foon lofes its fpkndour when expofed to the air* 

It unites readily enough with metallic fubftances, 
having the lame affinities with them as Regi^dus of 
Antimony hath. It makes them brittle^ and uanial« 
leable. It hath alio the |)roperty of rendering them 
volatile, and greatly facilitates their fcorificatioiu 

It very eafily parts with its phlogifion and its me* 
talbc form. When expoied to the fire it rifes in a 
kind of i(hining cryftafline calx, wluch on that ac^ 
count looks more like a faline matter than a metallic 
calx. To this calx or thefe flowers am given the 
names of fFhUe Arfmc^ CryfiaJiine Arftmc^ and 
jnofl commonly plain Arfcmc. 

The properties of this fubfl:ance are very fingular, 
and extremely di^ent from thofe of any other me«^ 
tallic calx. Hitherto it hath been but little exariain^ 
cd ; and this led me td make ibme attempts towards 
diicovering its nature, tvhich may be feen in the 
Memoirs of the Academy of Sciences. 

Arfenic differs from every other, metalline calx, 
firft, in being volatile ; whereas the calxes of all 
'Otl^r metallic fubftaoces^ not excepting thofe of the 
moA volatile femi-metals, fuch as Reguhis of An- 
timony and Zinc, iare exceedii^y fixed ; and fe^ 
condly, in havii^ a faline charader, which is not 
found in any other metalline calx. 

The faline character of Arfenic appears, firft, from 
its being foluble in water ; fec<»idly, from its corro- 
five quality, which makes it one of the moft vio- 
lent 
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knt poifons : a quality from which the other metallid 
fubftances are freei when they are not combined 
with fome faline matter. Regukis of Antimony 
muft* however be ejeeepted : but thto the beft Ghy- 
mifts agree that this femi-metal is either nearly of 
the fame nature with Arfenic, or contains a portion 
thereof in its compofition t beiides^ its noxious 
qualities never difcover themfelves fo plainly as 
when it is tombined with fome acid. Laftly, Arfe- 
nic a6b juft like the vitriolic acid upon nitre ; that 
is, it decompounds that neutral fait, by expelling 
it from its iailkailine bafis, of which it takes pof- 
l^on, and therewith forms a^ new faline com-' 
pound. 

This combination is a fpecies of ftlt that i^ peN 
fcdly neutral. When the operation is performed i A 
a clofe veffel, the fait flioots into eryftals in th<5 
form of right-angled quadrangular pfifms, ter^ 
minated at each extremity by pyramids thatai'e alfo 
quadrangular and right-angled •, fotfie bf which^ 
however, inftead o£ ending in a. point, are obirufe as 
if truncated* The confequence 4s dilferent when 
riie operation is performed in ah' open Veffel ; foi! 
then nothing is obtained but an alkaline fait im^ 
pregnated with Arfenic, which cannot be cryf- 
tallized. 

Thecaofe.of this diflferenC effeft is that, wh^rt 
the Arlenic is once engaged in the alkaline bafis of 
the nitre, it can never be feparated from it by the 
utmofl forde of fire, fo long as it is kept in a clofe 
veflfel ; wheieasj if you expofe it' to the fire without 
that precaution, it readily feparates fr6m it. This 
property of Arfenic ' was never before obferved by 
any Chymift,. and therefore this our new fpecieff of 
Neutral arfenical fait was abfolutdy unknown till 
lately. 

This new. fek pof&fles many fingulaf properties, 

the chief of which are thefe • Firft, it cannot be 

Vol. L H dc- 
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decompounded by die interv^nticvi of any acid, etM 
thc( ftrongeft acid of vimot 1 and this» joined to its 
property of expelling the nitrous acid from its bafis, 
ihews that it lv» a very great aflSnicy wkh fisted al- 
kalis. 

Secondly, this very fait, on whidi pure acids 
have noe^^, is decompounded with, the gmeeft 
cafe by acids united with meiidlic iubftanoes. The 
reafon of this phcdomcnon is curious, and furnifltts 
us with aid ioftance of what we advaoced concerning 
double affinities. 

If to a folution of any nndtsdlic fiibftmce wfaat-^ 
ever, made by any acid whateirtr, (except that of 
Mercury by the marine acid, and that of Gold by 
aqua fegps^) a Certain quantity of our hew &lt dif- 
^Ved in water be added, the metallic fiibftande is 
InftantaneouQy feparated from the acid in which it 
vast difiblved, and falls to the bottom of the liquor. 
. All metallic Precipitates obtained in this manner 
^xt found to be a combination of the metal with 
Arfcnic ; whence it neceflarily follows dsat the new 
Neutral Salt is by this means deccHnpounded, its arfe* 
iiical part uniting with the met^Hc fubftance, ad 
its alkaline bafis with the. acid in which that &ib«^ 
ftance was diffolved. 

The affinities of thefe feveral bodies muft .be con- 
iidered a3 operating on this occafion in the following 
manner : The acids which tend to decompound the 
Neutral Salt of Arfenic, by virtue of then- affinity 
with its alkaline bafis, are not able to accompliffi it, 
becauie this affinity' is powerfully countera<5led by 
that which the Arfenic has with the fame alkaline 
bafis, and which is equal or even fuperiour to theirs. 
But if thefe acids happen to be united with a fub- 
jlance which naturally has a very great affinity with 
the arfenical part of the Neutral Salt, then^ the 
two parts oi which this Salt confifts being drawn 
different ways by two feveral affinities tending to fe)- 

.. pacate 
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« decompofition, which could not have biien effeded 
without tte help of this (ecood affinity. Now ad 
metallic fubibnces have a great affinity widi Arfe-^ 
niC) it is not furprifir^ that the Neutral Salt of arfe-^ 
tACy which cannot be decompounded by a pure acidi 
ihould neverthelefs yield to an add combined with a 
Inecali The decompofition of this Salt, therefore^ 
and the piecipitatioci which of courfe k produced 
an metalhc folutions, are brought about by th^ 
means of a double affinity ; namely^ that of tfaiel 
iKad with the alkalihe hafis of the Neutral Mu and 
^that of the metal with the arfenical part of that fait. 

Arfeoic has not the fame efieS: on fea-iklt as on 
nitre, and cannot expel it& acid : a vtrf fingtilai' 
phenomenon, for which it is hard to affign a reaibm; 
tQT the nitrous acid is known to have a greater af* 
ilinity dian the marine acid with alkalis^ and eveii 
iwith the bafis of iea-iak idelf « 

Yet Arfenic may be combin<3d with the bafid of 
ica-fidt, and a Neutral Iklt thereby obtained^ likie 
<that which refults from die decotnpolition of nitcd 
iEy Arfenic : but for that pufpofe a quadrangular 
jiitre muft be firft prepared, and Arfenic applied, 
thereto as to comnlon oitre. 

The Salt produced by uniting Arfemc with tber 
faafis of iea-'falt very much refcmbles the Neutral 
ialt of Arfenic above treated of, as well in the fi- 
gure of its cryftals as in its feveral properties. 

Arfenic prefents another lingular phenomenon^ 
both with the alkali of nitre and with that of fea- 
.fait ; which is, that if it be combined with thefi 
falts in a fluid ftate, it forms with them a falimef 
-compound, quite different from the Neutral falts of 
arfenic which refult £nom the defcompoiition of m-^ 
trousialts. 

. This faline compound^ which I call Liver ofJrfi^ 
niCy takes up a much gisatdr quantity q£ AxkmC 

H % tbait 
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than is ncccffary for the pcrfeft faturation of the al* 
kali^ It has the appearance of a glue, which is fo 
much the thicker the more Arfenic it contains. Its 
fmell is difi^reeable ; it attra£b the moifture of the 
air, and does not cryftalHze ; it is eafily decom- 
pounded by any acid whatever, which precipitates 
the Arfenic and unites with the alkali. Lafily, the 
efFe£bs it produces on metallic folutions are di^rent 
from thofe of our neutral arfenical falts. But the 
bounds which I have fet my felf in this treatife will 
not allow me to be more particular. Such as have 
the curiofity to enquire further into the fubjed may 
confult my Diflertations on Arfenic, publifhed 
among the Memoirs of the Academy of Sciences. 

Arfenic is eafily reduced to a Rcgulus. It need 
only be mixed with any matter containing the phlo- 
gifton, and by the help of a moderate heat a true 
Regulus will fublinle. This Regulus, as was faid, 
is very volatile, and calcines with the greated eafe ; 
which is the reafon why it cannot be obtained but 
in fmall quantities, and alfo why, in order to obuin 
mafles of it, fome have thought of adding thereto 
fome metal with which it has a great affinity, fuch 
as Copper or Iron ; becaufe by joining with the 
metal it is partly fixed and reftrained from flying 
off. But it is plain the Regulus obtained by this 
means is not pure, as it muft partake confiderably 
of the metal employed. 

Arfenic readily unites with fulphur, and rifes 
with it in a yellow compound called Orpiment. 

Sulphur cannot be feparated from Arfenic but by 
the intervention of two bodies only ; to wit, a fixed 

alkali and Mercurv. 

* 

The property which Mercury poflefles of fcpa- 
rating fulphur from Arfenic is founded oh this, that 
thefe two metallic fubftances are incapable of con- 
trading any union ; whereas though moft of the 
other metals and femi-metals have a grcaticr affinity 

with 
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* with fulphur than Mercury hath, as was fliewn in 
' treating of the decompofition of Cinabar, neverthe- 

^ ' lefs they are all unable to decompound Orpiment ; 
' becaufe fome of them have as great an affinity 

with Arfenic as with fulphur ; others have no af- 
finity with either ; and laftly, fulphur hath as great 
an affinity with Arfenic as with any of them. 

It muft be obferved that, if fixed alkalis be em- 
.ployed to purify Arfenic in this manner, no more 
muft be ufed than is neceflary to abforb the fulphur 
or the phlogifton, of which alfo it is their nature to 
deprive Arfenic; for otherwife, as it has been 
fliewn that Arfenic readily unites with alkalis, they 
would abibrb a confiderable quantity thereof. 






C H A P. X. 

Of Oil in general. 

Y^IL is an unftuous body, which burns and 
^^ confumes with flame and fmoke, and is not 
fbluble in water. It confifts of the phlogifton 
united with water by means of an acid. There is 
moreover in its compofition a certain proportion of 
earth, moje or lefs according to each feveral fort 
of Oil. 

The inflammability of Oil evidently proves that 
it contains the phlogifton. That an acid is one of 
its conftituent principles many experiments demon- 
ftrate, of which thefe are the chief : If certain Oi!« 
be long triturated with an alkaline fait, and the al* 
kali afterwards diflblved in water, cryft^ls of a true 
neutral fait will be produced : fome metals, and 
particularly Copper, are corroded and rutted by 
Oils, juft as they are by acids : again, acid cryftals 

H 3 * aic 
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ure found in ftmxc Oils that hay* been long kcpf. 
This acid in Oil fervcs undoubtedly to unite iti 
phlogifton with its water ; bccaufe thcfe two lub- 
ftances having no affinity with each other cannot be 
\inited without the intervention of fuch a medium 
;is an acid, which has an affinity with both. As to 
the exiftence of water in Oils, it appears plainly 
"when they arc decompofed by repeated diftillations, 
efpecially after mixing them with abforbent earths, 
Laftly, when an Oil is deftroyed by burning, a cer- 
tain quantity of earth is conftantly left behind. 

We are very furc that the aboV'ementioned prin- 
ciples enter into the compofition of Oils ; for they 
may be obtained from every one of them : but it is 
not abfolutely certain that they confift of thefe only, 
and that they do not contain (bme other principle 
which may efcapc our notice in decompofing them, 
for hitherto it doth not aopeaF, by any experiment 
we can depend' on, that tJil' was ever produced by 
cbmbining together the principles here Specified : yet 
fuch redintegration^ are the only meaYis we have of 
Jatisftring ourfelves that we know all the principles 
which cohftitute a body. 

Oils expoted to the fire in clbfe vfeffcls pafs over 

>lmoft wholly from the containing veffel into any 

other applied to receive tftem. There 'remains, 

.however, a frnall quantity of black matter, which is 

'extriemely fixed, and continues unalterable as long 

^s it has np communication with the external air, bfe 

•; the force of the fire ever 'lb violent. This matter 

IS no other than part of the phlogifton of the Oil 

. united with its mofl: fixed and groffefl earth ; and 

' |his i§ what we called Charcoal^ or plainly a Coal. 

§. I, 0/ C H A R t: o A 1, 

"When Oil happens to be united to much earth, as 
\t is in vegetahle and animal bbdies, it leaves a con- 
^^fabje quantity of Coal Or Chatt'ed matter. . 

This 
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TUs<)ojaI, expoled to the firs in the open i^; 
burns 9M waftes, but without blazing like odn^f 
c;ombuftible nFiaitt$r$ : there appears oiUy a imaH 
IfiwOti flame, but laot the leaA fixx)ke. Mod com-^ 
9Gkonly k oi^y glows and ijparkles, and fo gradually^ 
f^lU into a0ie«<^ which are nothing but the earth of 
^ ba4y cxmbiiied wich ain alkaline fait in bupning. 
This alkah'ne fait may be feparated from the earthy 
by fi^i^^i^ting the alhes wkh water, which di^ves 
^1 the falt^ and leaves the earth qiute pure. * ' 

Chs^rco^l is unalterable and indeftmftxble by any 
Qther hfiAy bMt fire % whence it follows^ that when 
it is not a£WaUy kindled and igi^t3ed, the moft 
pK^effyl agents, £iGh as the adds, though ever fd 
drong and concentrated, have not the leaft effiA 

€«i it. 

The* cafe i$ othiorwife when it is lighml, that ts> 
when its phlogifton begins to feparate from its 
earth ; for then the pure acid of vitriol being joined 
therewith contra&s an in^ntuneous union with its 
phlo^on, and evfiponites in a volatile Mpfauteou^ 
i^pirit. If the vitri^ic acid, inftead of being ap<^ 
plied quite pure, be firft clqgged with iome ba&si 
e^cialiy an alkaline one* itquitis thatbafis, enteri 
into a more intimate union with the phlo^oa of 
(hf ^rning Coal, and &> forms an adhial fuJphur, 
with which the alkali now unites and formsafaepar^ 
. The pure acid of fea-falt hath not been obferved 
to fift in the |eaft upon Chiircoal, efoecially when it 
1^ pot on iire. £|ut when this acid is incorporated 
with an alkaline or n^tallic bafis, and CQmbin64 
gcc^rdii)g to a peculiar procefs with burning Char* 
coaU it in Jike mafHier iqpiis its bafis, unites with 
thevphlog^fton, and therewith forms b Phofphorus^ . 
^ which we have ali^^dy taken notice. 

Nor ha^ the pure nitrous acid any effe£fc on a 
charred Coal, even when ignited : and fo fiu' is it 
fmm being able to kindle a cold one, thajt when 

H 4 poured 
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EDured on a live one, it extinguiihes it like water. 
ut when this acid is united with a bafis, it quits it 
rapidly as loon as it touches a burning coal, and 
rufties violently into an union with the phlogifton 
thereof. From this union there probably arifes, as 
we faid before, a kind of fulphur or phofphorus, 
which 1% fo inflammable as to be deftroyed by the 
fire the very moment it is generated. 

The acids of nitre and vitriol a6t upon Oils ; but 
very differently, according to the quantity of 
phlegm they contain. If tney be weakened with 
much water, they have no effcft at all upon Oils i 
if they contain little water, or be dephlegmated to 
a certain degree, they diilolve them with heat| and 
with them form compounds of a thick confiftence. 
Acids thus combined in a confiderable proportion 
with Oik render them foluble in water. 

§. II. 0/SOAP. 

Alkalis alfo have the fanie property. When an 
Oil is combined with an acid or an alkali in fuch a 
manner that the compound refulting from their 
union is foluble in water ; fuch a compound may in 
general be called a Soap. Soap itfelf hath the pro-* 
perty of rendering fat bodies in fome meafure foluble 
in water j on which account it is very ufeful for 
fcouring or cleanfing any thing greafy. 

Oily and faline fubftances, combined together, ob^ 
ferve the fame general rules as all other combina- 
tions ; that is, they mutually communicate tho 
properties belonging to each : thus Oils, which na- 
turally arc not foluble in water, acquire by their 
union with (aKne matters the property of diflblving 
fhereinj and falts lofe by their eonjunftion with 
OiU part of their natural tendency to incorporate 
with water; fo that while they ferve to conftitutc 
Soap they do not, as before, attraft the moifturc of 
tbs ^r, ^c, and in like manner, as they are not 

in- 
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inflammable, they confiderably leflen the inflamma- 
bility of the Oils combined with them. 

Acid Soaps are decompounded by alkalis, as al- 
kaline Soaps are by sicids, according to the general 
rules of affinities. 

The acids of nitre and vitriol, when highly con- 
centrated, diflblve Oils with fuch violence as to heat 
thcm^ make them black, burn them, and even fet 
them on fire. How fea-falt afleds Oils is not yet 
fuiEcientiy afcertained . 

All Oils have the property of diflblving fulphur ; 
^hich is not at all furprifing, feeing each of its com- 
ponent principles hath an affinity with Oil, 

It is alfo a property common to all Oils to be- 
come more fluid, fubtile, light, and limpid the 
oftener they arc diftilled. On the contrary, by be- 
ing incorporated with faline fubftances they acquire 
a greater confiftence, and fometimes form com- 
pounds that are almoft folid. 
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CHAP. XL 
Of the fiveral forts of Oils. 

OILS are.diftinguilhed by the fubftances frojn 
which they are drawn : and as Oils are ex- 
trafted froni minerals, from vegetables, and from 
animals, there arc of courfc Mineral, Vegeuble, and 
Animal Oils. 

§. I. 0/ M I N E R A L O I L S. 

In the bowels of the earth we find but one fort of 
Oil, called Petroleum : its fmell is ftrong and not 
dif^grecable, and its colour fometimes more fome- 
times 
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times Icfs yellow. There are certain mineral GaU^ 
fiances which yield by diflill^uon a great deal of 
Oil v^ry like Petroleum. Thi« ibrt of iiibfiamce 
is called a Bitumen^ and is» indeed, aotbiiig but a* 
Oil rendered confiftent and folid by being combiafii^ 
with an acid ^ as appears from hence, that hy unit- 
ing Petroleum with the acid of vitriol we can p€Or 
duce an artificial Bitumen very tike the native. 

§. II. 0/ Vegetable Cits. 

Vegetable fubftances yieldavery great quantity 
and variety of Oils : for there is not a plant, or part 
of a plant, that does not contain one or more forts 
thereof, generally peculiar u> itfelf, and different 
from all others. 

By exprelTion only, th^t ps,.by bruizii^ m4 
iqueezing vegetable fubflanoes, particularly certaia 
fruits and feeds, a ibrt of Oil is obtained which has 
fcarce any fmell or tafte. Oih of this Ibrt aie veiy 
mild and unftuous ; and, becaufe in this refpeA 
they reiemble animal fat n;u>re than the reft do, they 
are called Fa4 Oils. 

Thefe Oils, being cxpofed to the air for fome 
time, fooner or. later gcow thick, acquire an acrid 
tafte, and a ftrong difegreeable fmqll. Some of 
them congeal with the fmallcft ticgr^e of cold. This 
fort of Oil is well adapted to diflblve thofe prepa- 
^racions of Lead called Litharge and Minium^ wiA 
i^^hich tliey form a thick tenacious fubftance, that k 
ufed for the bafis of almoft all plaifters* They alh 
fo <ii(Iblve Lead in its metalline 'form j but not fi> 
eafily as the forts of calx abovementioned ; pro- 
bably becaufe its body is not fb much opened, nor 
its parts fo divided. 

By expreffion alone we alfo procure from certain 
Tegetable fubftances another fort of Oil, which h 
thin, limpid,' volatile,- of a pungent tafte, an^ r^ 
tains the fmell of the vegetable that yielded it ; on 

which 
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iffhich account It is called an Effential Oil. Of this 
this there arc fcvcral forts, difFering from one an- 
other, like the Fat Oib, according to the fiabjedts 
from which they are obtained. 

Wc muft ohferve that it is very difficult, or ra- 
cier in moft cafes impoffibie, to force from the 
greateft part of vegetables, by es^reffion ooly, all the 
eifential Oil they contain. For this purpofe there- 
fere recourfe muft be had to iire : a gentle heat, not 
exceeding that of boiling water, will extrad: all the 
i^fential Oils of a vegetable ; and this is the moft 
ufual and moft convenient way of procuring them* 
The fat Oils cannot be obtained by the fame me- 
thod : thefe being much, lefs volatile than the ef- 
fentiai Oils require a much greater d^ree of heat to 
raife them ; which neverthelefs they cannot bear 
without being much fpoilcd and enthdy changed in 
their nature, as fhall pieiemly be ihewn. All Oils, 
therefore, whidi rife with the heat of boiling water, 
ami fudi alone, ihouid be called Efiential Oils. 

Eiiential Oils,, in a longer or fhorter time, ac- 
cording m the nature of each, lofe the fragrant 
fmell they had when newly diftilfed, and acquire 
smother which is ftrong, rancid, and much lefs 
agreeable : they alio lofe their tenuity, becoming 
thick and vifcid ; and in this ftate they greatly re* 
fetnUe thofe iiibftances abounding in Oil which 
flow from certain tftes, and- which are called BaU 
fams or Refins^ according as they arc lefi or more 
conliftent. 

Baliams and ReHns are not ibiuble in water. 
But there arc other Oily compounds which likewife 
run from trees \ and, though not unlike Refins, are 
however foluble in water. Theie arc called Gums ; 
and their prc^erty of diftblving in water arifb from 
iheir containing more water and more fait than Re- 
fins have; or at leaft tiieir faline parts are lefs 
Hclogged and morc difengaged. 

I Balfams 
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Balfams and Refins diftifled with the heat of boil- 
ing water yield great quantities of a limpid, fubtlc, 
odoriferous, and, in one word, eflential Oil. In 
the flill there remains a fubftance thicker and more 
confiftent than the Balfam or Refin was before dif- 
tillation. The fame thing happens to eflential Oils^ 
which by length of time have acquired a confiftence, 
and are grown rcfinous. If they be rediflilled, they 
recover their former tenuity, leaving behind them a 
remainder thicker and more refmoiis than they them- 
felves were. This fecond diftillation is called the 
Reliification of an Oil. 

It muft be obferved that an eflential Oil, com- 
bined with an acid (trong enough to diflblve it, im- 
mediately becomes as thick and refinous, in confe- 
quence of this union, as if it had been long ex* 
pofed to the air : which proves the coiifillence an 
Oil acquires by long keeping to be owing to this, 
that its lighteft and Icfs acid parts being ev^orated, 
the proportion of its acid to the remainder is fo in- 
creafcd that it produces therein the fame change as 
an additional acid mixed with the Oil: would have 
wrought before the evaporation. 

This alfo fhews us that Balfams and Refins are 
only eflential Oils combined with a great proportion 
of acid, and thereby thickened. 

If vegetable fubftances, from which no more cf- 
fential Oil can be drawn by the heat of boiling 
: water, be expofed to a ftronger heat, they yield 
an additional quantity of Oil ; but it is thicker and 
heavier than the eflential Oil. Thefe Oils are black, 
and have a very difagreeable burnt fmell, which 
hath made them be called Fetid^ or Etnpyreumatic 
Oils. They are moreover very acrid. 

It muft be obferved, that, if a vegetable lubftancc 
be expofed to a degree of heat greater than that 
of boiling water, before the fat or the eflential Oil 
is exrradted from it, an empyreumatic Oil only will 

then 
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then be obtained -, becaufe both the fat and effential 
Oik, when expofed to the force of fire, are thereby 
burnt, rendered acrid, acquire a fmell of the fire, 
and, in a worcl, become truly empyreumatic. 
There is ground to think that an empyreumatic Oil 
IS nbthihg elfe but an effential or fat Oil burnt and 
ipoiled by the fire, and that no other Oil befides 
theie two exifts naturally in ve^tables. 

Empyreumatic Oils, diftilled and redified feveral 
times by a gentle heat, acquire by every diftillation 
a greater degree of tenuity, lightnefs, and limpi- 
dity. By this means alfo they lofe fomething of 
their difagreeable odour-, fo that they gradually 
come nearer and nearer to the nature of effential 
Oils : and if the redtifications be often enough re- 
peaibed) ten or twelve times for inftance, they be- 
come perfeSly like thofe Oils ; except that their 
fmell will never be fo agreeable, nor like that of 
the fubfkances from which they were obtained. 

Fat Oik may alfo be brought by the fame means 
to refemble effential Oils : ^but neither eflehtial nor 
cmpy rciimatic Oils are capable of acquiring the pro- 
perties of fat Oils. 

§. HI. O/AnimalOils. 

Distillation procures us confiderab!e quantities 
of Oil from air the parts of animal bodies, and 
efpecially from their fat. This Oil at firft is not 
very fluid, and is extremely fetid : but by many 
reftifications it gradually acquires a great degree of 
clearnefs and tenuity, and at the lame time lofes 
much of its difagreeable odour. Animal Oils, thus 
rendered thin and fluid by a great number of refti- 
iications, have the reputation of being an excellent 
medicine, and a fpecific in the epilepfy. 
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CHAP. XU. 

O/* Fermentation in gineraL 

BY Fermentation is m^ant an mteftine modoo, 
which, aiiling fpontaneouQy anxK^ the in- 
fenfible parts of a body» produces a new cufpoiictoa 
and a dififerent combination of thofe pasts. 

To excite a Fermentation in a ouxt body it is ne^ 
ceflary firil, that there be in the compofition of tliac 
mixt a certain proportion of watery, (aline, oily, 
and earthy parts : biit this proportion is not yet &i£^ 
ficiently afcertained. Secondly, it is i^equifite that 
the body to be fermented be placed in a certain de- 
gree of temper^e heat : for much cold obftru&a 
fermentation ; and too much heat deoompofes bo^ 
dies. Laftly, the concurrence of the air is alio ae- 
ceffary to fermentation. 

All vegetable and animal fubftances are fufccptifale 
of Fermentation, becaufe all of them contain in a 
due proportion the principles abot'e fpecified. How- 
ever, many of them want the proper quantity of 
water, and cannot ferment whUe they remain in 
fuch a ftate of drynefs. But it is eafy to fupply 
that defeft, and fo render them very apt to fer- 
ment. 

With refpedto minerals prc^erly fo called (that 
is, excluding fuch vegetable and animal fubftances 
^s may have lain long buried in the earth) they are 
not fubjc<a to any Fermentation ; at Icafl: that our 
fenfes can perceive. 

There are three forts of Fermaatatian, diftjogoiihed 
from one another by their feveral produftions. The 
firft produces wines and fpirituous liquors; for 

which 
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-wl^i ch reafon it is caTIed the Vinms or Spirituous 
F&mentatim : the rcfult of the fecond is an add li- 
quor ; and therefore it is called the Acetous Fermen-^ 
iotisn: and the third generates an alkaline fait; 
trhich, howevier, diflfers from the alkaline falts hi- 
therto treated of, in this relpeft chiefly that, inftead 
of bong fixed, it is extremely volatile : this laft 
fort takes the name of die Putrid or Putrefa£Nvi 
Firmematkn. We (hall now confider thefe three 
forts of Fermentation and their eflfefts a little more 
particularly. 

Thefe three ilMts of Fermentation may take place 
focccffiydy in the fame fubjeft ; which proves them 
to be only tiM'ee <Mflcrent degrees of fermentation, 
aH proceeding from one and the fame caufe, rather 
than tltfee diftinft fermentations. Thefe degrees <rf 
fermetftation always follow the order in which we 
have here placed them. 



CHAP. XIII. 

Of the Spirituous Fermentation. 

TH £ juices of almoft all fruits, all faccharine 
vegetable matters, all farinaceous feeds and 
grains of every kind, being diluted with a fufficiensc 
quantity of water, are proper fubjefts of Spirituous 
Fermentation. If iuch liquors be expofed, v\ vcf- 
fcls ftightly flopped, to a moderate degree of heat, 
they begin in fome time to grow turbid; there 
arifes infenfibly a fmall comnfM>tion among their 
parts, attended with a hiiTing noife \ this by little 
and little increafes, till the grofler parts appear, like 
little feeds or grains, moving to and fro, agitated 
among themfelves, and thrown up to the furface. 
At the lame time Jome air bubbles rile, and the 

4iquor 
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liquor acquires a pungent, penetrating fmell, occa- 
fioned by the very fubtile vapours whi(;h exhale 
from it. 

Thefe vapours have never yet been coUeded, in 
order to examine their nature i and they ace known 
only by their noxious efFe£ls. . They ^re foai&ydy 
pernicious, that if a man comes rafhiy into a clofe 
place, where large quantities of liquors are ferm^t^ 
ing, he fuddenly drops down and spires, as if h^ 
were knocked on the head. i 

When thefe feveral phenomena begin to go ofi^ 
it is proper to ftop the fermentation, if a very, fpi- 
rituous liquor be required : for if it be fuffered to 
continue longer, the liquor will become acid,, and 
from thence proceed to its laft ftage, that is, to pu- 
trefaftion. This is done by (lopping the cont^ning 
veflcls very clofe, and removing them into a 
cooler place. Then the impurities precipitate,^aBd 
fettling at the bottom leave the liquor clear 'and 
tranfparent : and now the palate difcovers that the 
fweet, faccharine tafte it had before fermentation is 
changed to an agreeable pungency which is not 
acid. 

Liquors thus fermented are in general called 
ff^ines : for though in common life that word pro- 
perly fignifies the fermented juice of grapes only^ 
and particular names are given to the fermented 
juices of other vegetable fubftances ; as that ob* 
tained from Apples is called Cyder -^ that rriadefrotn 
malt is called Be^ : yet in Chymiftry it is of ufe to 
have one general term denoting every liquor, that 
has undergone this firft degree of fermentation. 

By diftillation we draw from Wine in inflani^ 
mable liquor, of a yellowifh white colour, light, 
and of a penetrating, pleafant fmell. . This liquCTr 
is the truly fpirituous part of the wiiie,' and the 
produft of fermentation. That which comes ofFin 
the firfl: diHiilacipn is cotnmonly loaded with much 

phkgmi 
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phlegm and fbme oily parts, fronfi which it may be 
afterwards freed. In this ^te it goes by the name 
cf JSraiufyi bm when fixed from thefe heteroge- 
neous nuttters by repeiated diflillations, it becomes 
ftill deoier^ lighter, more fragrant, and muck 
more inflammahk, and then is called Spirii of fFintj 
and RiSificd Spirii of f^m, or Jrdenf Spirits, if 
^onfidcfaUy purified. The properties which dt« 
ftinguiih an Ardent ^irit from' alt other fubftances 
aveks botng inflbnniidDle; its bumiligand conibmilig 
etldrely, without this leaft appearance cf finoke or 
fiili^poofity ^ ica containing no particles reducible to a 
cod I and its beii^ peifedlly mAfcible with water* 
Ardent Spirics are lighter and more volatile than 
any of the principles of the mixts from which they 
wett produced, and confequently more fo than the 
phlegm^ the add, and the oil of which they them^ 
(dns confift. This ariies ^m a particular diQ)0*- 
ficion oi thefe principles, which are in a fingukr 
itmAner attenuated by fermentation, and thereby 
readeied more fuiceptibk of expanfion and rarefac- 
tion. 

Ardent fbiries are foppoled to be the natural fol- 
'^myts of oils and <^Iy matters. But it is very re- 
^markabte that they dlflblve eflential oils only, 
iMhout touching the fat c^ animals, or the fat oils 
obtained from vegetables by expreffion ; yet when 
thefe oils have once undergone the a&ion of fire, 
dicy become ibhible in fpirit of wine, and even ac- 
^ukie a new degree of folubility every time they are 
difftitlcd. It is not fb with eflential oils, which can 
never be tendered more fbluble in ardent fpirits than 
they are at firft ; and are fo far from acquiring a new 
idegtte of folubility every time they are diftilled, 
that on the contrary they even in fome meafurc lofc 
iJtot property by repeated reftifications. 

I have taken fome pains to find out the 
taufes of thefe fingular efie£b, and the refult of 
-• Vol. I. I my 
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my enquiries is publifhed among the Memws of 
the Academy of Sciences for the year 1745. I 
therein confider ardent fpirits as confifting of an 
oil, or at leafl: a phlogifton^ mixed wi(h a . porticxi . 
of water, in which it is rendered folvble hy, means 
of an acid. This being- laid down, I fhew' that the 
inability of fpirit (rf* wine to diflblve fomc oils miuft. 
be im(^ted to its aqueous part, in .which oils are not . 
naturally foluble without the intcryfentipji.of. a felt.i. 
and that the power, which this ipirit- exerts: .ia^ 
dUTolving other oils. with eafcl, fuch as eilen|ial oils^. 
muft in all probability r be owing. to. this, tl^i .in< 
thefe oils it meets with this neceflkry faline ; me-r 
dium, that is, with an acid,, which jiumberleis 
experiments Ihew they aftually contain. 
. On the other hand, I there p^ove.that tbeacidia, 
eilential oils is fuperabundant, and. in (bme ibrtib-^ 
reign to their natu/e, or th^t it is but (lightly .coot 
netted with them, and in part defcrts them every, 
time they are diftilled 5 which renders tbcm leik fi>r 
luble after every new reftification : whereas,. on, the. 
contrary, the fat expreffcd oils in their natural .ftatc 
give not the leaft fijgn of acidity \- bitt.the ftdion of 
fire upon them difcovers an acid ^yhiph was notfiei> 
ceivable bpfore. Hence I conj^ftiire th^t thefe oils 
contain no more acid than is juft nec^ifary toconiH-^ 
tute them oils \ that this acid is^ injtioiately blended 
with their other component parts ; tha,t. it is f^ 
iheathed and entangled by thefe p^rts ^fi^ to be irir 
capable of exerting any of its properties^;, and, that 
on this account thefe oils in their natural ftatc are 
not foluble in fpirit of wine : but that the,diipofiti^ 
of their parts being gradually changed by th^ fire^ 
and their acid, being by that means fct ipofreaq^ 
more at liberty, at length recovers ;^ijs properde^^ 
and particularly that of rendering Ijbe oily paFtsJfer 
luble in art aqueous menftruum : jwid rhence it fol- 
lows that the fat; oils becon^g fo iTju§l^.the mpretfe- 
V . ^ lubic 
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luble in fpirit of wine the oftener they are expofed to 
the aftion of fire. ' . 

Spirit of wine doth not diflblve fixed alkalis ; or 
at leail it takes up but a veiyTmall quantity thereof; 
and hence ardept fpirits may be freed from much of 
their "phlegm by means of thefe falts throughly 
dried : for as they ftrorigly imbibe moifture, and 
have even a greater affinity than ardent Ipirits with 
water, if a fixed alkali well exficcated be mixed with 
lj)irit of wine that is not perfeftly dephlegmated, 
.the alkali immediately attrafts its fuperfluous 
moifture, and is thereby refolved into a liquor, 
^hich on account of its gravity defcends to the 
fcottom of the veflel. The fpirit of wine, which 
fwims a:tOp, is by thismeans as much dephlegmated, 
and as dry, as if it had been redified by feveral di- 
ftiUations. As 'it takes up fome alkaline particles 
in this operation, it is thereby qualified to diflblve 
oily matters with the greater facility. When refti- 
-fied in this manner it i^ called Tartarifed Sfirit of 
Wine, 

Yet Ipirit of wine, even when reftified to an 
alcohol, is riot Capable of diflblving all oily 
matters. Thofe named Gums will by no means en- 
ter into any fort of union therewith ; but it reidily 
diffolves moft of thofe which are known by the ap- 
pellation of Rdfins. When it has diflblved a cer- 
tain pro|)6rtion of rcfinous particles it acquires ^ 
greater confiftence, and forms what is called a Spirit- 
Varnijhy bi* a Drying ■Varnijh^ becaufe it fopn drjes. 
This Varhifh is ful^eft to be damaged by water. 
Many forts thereof are prepared, differing from eaCh 
other according to the different refihs employed,' 
or the proportions in which they are ufed. Moll 
Df thefe Varriilhes are trarifparent and colourlefS. 

Such bitumens or refins as fpirit of wine will 
not touch are diflblved in oils by means of fire, and 
then form another kind of Varnilh which water does 

I 2 not 
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pot hurt* Thde Vatniftes ate ufus% cotoMrni^ and 
require much tonger time to dry than the Spick* 
yarniffaes : they are eallcd Oil^am^is^ 

Spirit of wine hath a. iDUch greater affinity MPith 
water than with oily mjo^ters ; aodchercfarcif 4^ib^ 
lution o£ any oil or rcfin in fpirk of w^iQ be 
mixed with water, the liquor immediately gcom 
turbid) and acquires a whitiih milky cok>ttr» oviog 
entirely to the oily parts beit^ ieporated horn the 
fpirituous menftruum by the aiqoeffion o£ wifbar, aai 
too finely divided to aM>ear in their natural fom* 
But if the liquor ftand lome time quiet* federal of 
thefe particles unite together, and gradually acqum a 
bulk liifHcient to render them very percq)iibk to the 
eye. 

Acids have an affinity with fpurit of wine^ and 
may be conibined with it. By tlus union thejr loft 
moil: of their acidity, and on that account are £a^ 
to be Dulcified. But aa thdie caoibinatiooa of aci<^ 
eipecially of the vitriolic acid, with %irit oft wine 
fiirnifli feme new produiftions of very fingular.pn>;> 
perties, and a& an e)catninatioa thei^f may throw 
much light on the nature of anient fpirits,, in will 
not be amifs to take notice of them in thia place, 
'and conGder each of them, particitlariy. • 

One part of h^ly coocenfirated oil c£ vitmA be* 
ing mixed with fouir pasts of wdl dcpblcgsiajDed 
ipirit of wine, there arifes immediaoely a. confider- 
Mt ebullition andeffervefcqnce, acteodc^ with, great 
heat, and abundance of vapours, which ftnell plea^ 
fantly, but are hurtful to the lunga. At the fwne 
time is heard a iufilng like that produaad by fa, piece 
of redrhot iron plunged in water. indBQd'ici& pro- 
per 10 mix the liquors very gradually.; fear othqrwii^ 
the ve&ls in which the operation > is performed ^^ 
be in great danger^of breaking*. 

If the two liquors thus mix^d be- diflUIed wi^a 
very gentle heat, there n&% fii:ft a fpirit o| ygix^, of 
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a Tifcftj*netratftig and graceful odour : tvhen about 

* half AeitdHs come tnncrj'wfet follows has a quicker 
and more fulpfctrrcoo^'finclHand is alfe more loaded 
vrith phlegm. ' When the Kquor begins to boil a 
little, there ccmwcs off a pMegm which fmells vefy 
ftroftg 6f 'Itilphur, and grows gradually more acid. 
On this phlegm floats a {mill quantity of a vef y 
Jight and Very limpid oil. In the ftill there remains 
a thick; bltekifh fobftance, femewhat like a refln 
or brtumehv From this fubftancc may be feparated 
a good deal of a vitriolic but iidphuteous acid. 

. Wnen that is extrafted, there remains a Mack mafs 
like a charred coal, which bemg put into a crucible 
and expofed to a violent heat leaves a fmall portion 
of earth, very fixed, and even vitrifiable. 

By redirfying the ardent ^irit, which came over 
in diftilling the abovementioned mixture, a very 
fingnhir liquor is obtained, which diSefs eflentiaify 
both from oils and fmm ardent' Ipirits, though in 
certain refpefts it rcffemWes them both. This li- 
quor is known in Chymiftry by the name of JStbery 

"and its chief properties arc as follow. 

^ther is lighter, more volatile, and more iii- 

* flammable, than the mbft highly reftified fpirit of 
wine. .It quickly flies oflP when expofed to the 
ah-, andfuddenly catches fire when any^ flame ap- 
proaches it. It burns like Ipirit of wine without 
the fcafl: fmoke, and confumcs entirely without 
leaving the fmallefl: appearance of a coal or of alhes. 
ft diflblves oils and oity matters with great eafe and 
rapitiity. Thefe properties it has in common with an 
ardent, fpirit. But it refembles an oil in that it is 
not mifciWe with water ; and this makes it eflcn- 
tially difierent from fpirit of wine, the nature of 
which is to be mifcibfe with all aqueous liquors. 

Another very Angular property of iEther is fts 
great aflinity with gold^ excepting even that of aqua 
reps. It docs not inckfcd tWTolve goH when in z 

1 3 mals. 
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. ^ais,, and in its metaUuv^ fcf m : but if ^ a> Cxaii 

quantity of iEther be add^d to a folution c^ gpld in 

aqua regis^ and the whole Shaken together^ the gold 

fepai'ates from the aqt$a r^giSy joins the JEther, and 

, remains difialvcd therein. 

The reafbn of all the phenomena above-mention- 
ed, refultipg from the, niixturc of.fpint of wine 
with oil of vitriol, i3 founded on the g^eat affinity 
between this acid, and water. For if Ac vitriolic 
acid be weak* and as it were Qver-dofed*with. watery 
parts, neither oil nor ..£ther pan be obtained by 
means thereof : but when highly concentrated, it 
attrafts the aqueous parts vjery powerfully 4 and 
therefore, being mixed with Ijpirit of winc.lays hold 
of moft of the water contained in it, and even robs 
it of fome pbrtion of that which is eiTential to its 
nature, and neceflary to conftitute it fpirit of wine : 
. whence it comes to pafs that a certain quantity of 
.the oily particles in its compofition being fepsuated 
from the watery particles, and fo ibrought. nearer to 
each other, they unite and afTume their natural 
form ; and thus the oil that fwixns at top.of theful- 
phureovis phlegm is produced^ - : 

The vitriolic acid moreover thickens and even 
.burns fome of this oil ; . and hjenoe comes the bitu- 
minous refiduum left at the bottom of ^the ftill, 
. which looks like the refult of a vitriolic acid com- 
!bined with common oil. Laftly, the vitriolic acid 
' becomes fulphureous, as it always doth when united 
'With oily matters, andalfo very aqueous, on account 
of the quantity of phlegm which it attrads from 
the foirit ,of wine. 

iEther may be confidered as a fpirit of wine ex- 
ceedingly dephlegmated, even to fuch a degree that 
its nature is thereby changed ; fo that the few a- 
. qucous particles left in it are not fufHcieat to diflblve 
the oily pa;-ticles and keep them afunder^ which 
. therefore being now much nearer to one another 

than 
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lAa^ in common' ^ritiofcwine^.^ the. Rquor hath 

i^&cJgf^rpToptHy fd being mifdbfetwith water. 

.p 3piritiOf nit3>8 \ndldc^hlegfnaicedy and combined 

•^tk'i|»ritr:of trtm, .|il^^ fome very 

^n^air appearaijpesk ;i 

.«. ; Firfi^ ia che^^ry inftant of its mixture widi fpu 

'jniL: of wine iH^pitKkiees a greater and more violent 

efiervefceiipe than < the. vitriolic acid occafions. ' * i 

V '.^Secpndly^. this mixtuit, without the heJp-af^dif- 

tillati^tlt a)Kl only by popping the bottle in which 

the liquorst are cbi\tain€d» afibrd^ a fert of iEther, 

pit)d\i€:ed pffibafadyr iby the vapours which afcend 

^it^Hii) loficj; fivim\at top of the mixture. This is a 

very fingular liqufir.:: -Dr. Navicr was .the firft that 

took notice of it, and gave a defcription thereof, 

'iKbich-xnay ix^'leenin the1^emoifs.6£theAca3eiihY 

of Sciences. 

Thirdly, fontc authors prctetid that by diftilling 

die mixture under confideration an oil is obtained 

greyly. : ifcfemhliiig . that which, ' as ^ we bbferved 

above, rifes from fptrit of wine combined with the* 

yitridicacid !tOtt]«*p$ ^indenytithis. 'For mfpartj 

rbeiiqve, the^thing.depends oa thediflfcrent concen- 

tsaticxi of thefpirit of nitre,»as.well as on! the qua» 

jity.of* the fpirit of wine, which is fometimes more 

^giejimes lefs oily* : - * ; 

I Fourthly, the two liquors we are ipeaking of, be^ 

•ing inumately mixed by diftillatioa, form a liqoor 

flightiy acid, ufed in n^dicine, and known by the 

name of Sw€ef or Dulcified SpirU of Nilre ; a very ' 

proper name, feeing the nitrous acid^ by uniting 

with the fpirit of wine, adually k)fes dmoftall 

: its acidity and corroUve quality. 

. Fifthly^and laflly^ wJben the diftitiation is finiihed, 
there remains in the bottom of. the veffd a thick; 
blackifh fubftance, nearly refembiii^g that which *ts 
found after diftilling oil of vitriol and fpirit of 

• .wine. . ' '• ,> V 

1 4 Spirit 



^^t .of w\^k bK it dp« m «H^it«.4MMIi*li ^ 
caliljr or. fo intiaiatt^ir ^fr»d>ft ny 9/f*h ilowwcii > 
tbned. It^o jjo^c tho^rffaorqu^yy'^ ^fmfiai 
iait mfxji bQ UgUy coiH:^t!:M!d, m4 #iiokd«ig^ 
an4 XDorwrer die a ffift a y :i> of dip ftXI oiuft* in 
calkd iiu Some authQis pmmd thiff fimn^ thfc 
mixtuie alfo a iinaU qi^ntUy of oil m^WckiOkieA ^ 
which probably h^pens when the UqiUK6 4|iEve*die 
qualities ^ve fpeciried. The jaartM add iifcefirife^ 
by uniting ^ch ^vit of wiiie» lofes mxA ^^ 
acidity; on which acooqnt it is iniifce mwner taSc4 
S wet or Dulcified Spirit cfSab^ A thick refidetett 
s alfi) found here after di^atiM. 
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c H A P. xr. 

Of the Acetous Fermentation^ 

BESIDES an aidenc ipirit» wine a0b«!s i 
great deal of wiNer, oil, earth, and a jbrt cf 
icid which ihali be confidered prefently. Whes 
the fpirituous part is feparated from theic other 
natters, they undergo no further change. Btat il 
all the conftituent parts of wine remain combined 
together, then, after fome time, flioiter -or longer 
as the degree of heat in which th^ wine ftanda n 
greater or lefs^ the fermentation begins ^freiby ,m 
ladier arrives at its fecood ftage. The J^^r ^ct 
more grows turbid, a new inteftk^e motion ar^Ssss^ 
and after fome days it is/found changed ib%t0 «| 
Hcidi which, however, is very difFerent fron^dK^fi^ 
hitherto treated of. The liouor th^t^^^es^^e name 
of Vinegar. The acetous lermentfttion difFcr^^^ni 
the ^irituoas, not only in it?,efl%/ft< bUtTatfotw^^fe. 
Veral of its concomitant ^jfcumftaaFeiStr -Moderate 

motion 



tti«tkte %*llf *fe«te it oblbu6b 

^ihd>^i^£ubu«; and^% }$ tetmded with much tnort 
fwtfmtbthafti t)ic fpfftfubur. The vapours it produces 
fatfiii^ l««kkWS; Kltfe thdfe of fernienting wine. 
Jjaiftfy^^ ^ik^f ^tepofites no tirtin even when the 
TiWrie mni^cA 'In thS dpertkioti ik ciuite hew, and 
«Uih im llftd tfetfe* td dHcharge its tartar : inftead 
of tarasr VifMrgl» depcrfkes a viltid matter which ii 

'^Tteiy^t W'putrify: « 

^ ft :rt]fuft be <)feferv^d that wihe is not the onl^ 
fttyftancie that is ft^fceptiMd of the acetous fermen- 
tadon r* fijT fcvcral veg^itable and even animal 
mixttt^; viiiich are ndt fiibjeft to the fpirituous fer- 
ttientadpn, turn four before they putrify. But as 
Vinous liquors poflcls in a very eminent degree tl>e 
|>rbpcrty^f being fefceptibie 6f die acetpus fermerv- 
tatibn, and lijcewife of producing the ftrongeft acids 
that can refult from itK:h fermentation, their acid 
Ihall be more particularly confidered in this place. 

§• I. (y ViNB GAR. 

V It ^ne; which hai ^he through this fecond 
fiaige 4)f fermentation, betUffilled, inftead of an ar- 
■dfent fpirit, only an acid liquor is obtained, which is 
tsSitAlhftilkd Vinegar. 

This acM has the fame properties as the mineral 
lackb of which we have already treated ; that is, .|c 
tmitcis with^^Ikaline fdts, abforbent earths, and mie- 
talKc febftanccs, and therewith forms neutral falinc 
coffiKf»ltions. 

' iir ^ifl^ty with thefe fubftanfces obferves the fame 
Cflrder as'^at obferved by the mineral acids with re- 
gard to the^feirrie ftrbftances; but in general it ia 
wedter V timt k, any mineral acid Is capable of ex- 
felling thr^ddlftf Vinegar out of all matters with 
which^ ic is united. v^ 

Vmegiir hath iikewife a greater affinity thaii ful- 
ler with a&alil : ni^hence it follows that it is ca- 
pable 



pabieof decompouj^ii^ that r^c^mbiMtioii c£-fyi^ 
phur with aaralk^i called Liven of Sulphur, afid of 
• precipitating . the fuljApr it cottUif^^; ^ 

The acidoif Vinegar is alway^ clogged with -a 
certain'proportlon of oily parts, which greatly weaken 
at, and deprive it of much (^ it$ activity -, and &>r 
this reafon it is not near fo ftrong as irtie mioeral 
&cids, which are not entangled with any oiL By 
diftiilation, indeed, it may be freed from - this oil, 
and at thq fame time from the great quantity of 
water which ih a manner fufFocates it, and by that 
means may be brought much nearer to the- nature 
of the mineral . acids : but this attempt hath^ not 
jet been profecuted with the afl^duity it d^fervt^s. 
Befides diftiJlation, there is another way of freeing 
Vinegar from a good deal of its phlegm ; ^nd that 
is, by expofing it to a hard frofV, which readily conr • 
geals the watery part into ice, while the acid retains 
its fluidity. 

Vinegar, Saturated with a fixed alkali, forms a 

neutral oily fait, . of a dark colour, which is femi- 

.volatile, melts with a very gentle heat, flames when 

thrown upon burning coals^ and diflblves in fpiiit 

of wine, of which, however, it requires fix parts to 

complete the folution. This folution being ew^apa- 

,rated to dryoefs leaves a matter in. the form Qfjcpves 

"lying on each other ; on which account ;i|t ^tlf^oljf 

'tafned the name of Terra i^s?//^/^* r.Ther faipe -^ 

liated matter will be obtained, thougj&the fait be not 

previoufly diflblved in fpirit of wme; but tuotj^ 

readily. This fait is alfo called Re^efieraied Tar(ar. 

TJnder the head of Tartar we fhall fc^ thereaftm.^ 

thcfe different appellations. Regenerated T^rfar 13 

'aUb in Ibme degree capable . or cryljalhzing: . for 

'this puipofe a folgtion thereof lA water mufl: fap 

'flowly evaporated to the confiftenqe pf a fyrup, anfl 

then fuf&rcd to ft:and quiet in/ a cool .place; by 

which means it will (hoot into clufters of cryftals, 

lying 



• ' * • « % 

- lymg one yppo.ftripther, not unlike th^ feathers on 
a qmlh , 

With Vinegajq and feveral abforbent earths, fuch 

^as calcined pearl$, coral, fhejls of fi(h, ^^. are alfo 

'formed neutral ialine conapbiinds, each of which 

'takes the name of the particular earth employed ih 
its cpmpofjtion^: , 

Vinegar perfedly diflblveS Lead, and converts it 

' to a neutral metallic fait, which Ihoots into cryftals, 
and has a fweet faccharirie tafte. This compound 
is called. Sugar ^of Leady or Sal Saturvi, ' 

If Lead be expofed to the bare vapour of Vine- 

.gar, it will. be thereby corroded, calcined, and con- 
verted into a white matter much ufed in painting, 
and4cnown by the name of C^rufey or, when it is 
finer than ordinary, fVhiie Ltai, 

Vinegar corrodes Copper Jikewife, and conLverts 
it into, a beautiful green ruft, which alibis bfed^in 
painting,, anddiftinguiflied by the name ofVerdegris. 
However, Vmegar is not Commonly employied to 

'make Verdegris : for this purpofe they ufe Wine, or 
the rape of Wine, froni which fire extricates an 
acid analogous to that of Vinegar. 

In treating of the feveral fubftances which con* 
ftitute wine we mentioned an acid matter, but did 
not then enter into a particular examination thereof ; 
becaufe as that matter greatly refembles the acid of 
Vinegar, we thought it more proper to defer the 
confideration of its properties till we had treated 
of the acetous fermentation, and its cfiecS^;' 

§; II. Of Ta r'ta r. 

This fuMlanceis a faline compound, confiftingof 
earthy, oily, and efpecially acid parts. It is found 
in the form of crufts, adhering to the inner fides of 
veflels in which wines have flood for fome time, 
particularly acid wines, fuch as thofe of Germany. 

Tartar 
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Tartiir^derivcs' its origin from the fiiperabundant 
qtuntity 'ef acid contained in the jiuce of tfab 
grapei This fuperfluous acid, being ni6re than 
is rwiifice to conftitute iht anient fpirit, unites 
with fomc of the oil and earth contained in the fer- 
mented* liquor, and forms a kind of lalt; which 
for Ibme , time ix>ntinues lufpendcd in that liquor, 
but, when the wirie ftands undiftufbed' in a cool 
place, is depofited, as hath been faid, on the fides 
of the catk. 

Tartar in this ftate contains many earthy part$, 
which are fuperfluous, and foreign to its nature. 
From thcfe it may be freed by boUing it rw^eatedly 
with a fort of earth found in the neighbournood of 
Montpellier, as may be fecn in the Memoirs of the 
Acade^my of Sciences. 

Wjien it is purified there appears on the furfacc 
of the liauor a fort of white cryftalline pdlicle, 
^whicKis ficimmed off as it forms. This matter fs 
aUcd Cfeatn of Tartar.' The fame IioUOr which 
produces this Cream, and in which the purified 
Tartar is diflblvcd, being fct to cool yields a great 
number of white femi-tranfparent cryftals, which 
aie callecl Qy/iaU af Tariar. The Cream and the 
Cry flats of Tartar are therefore no other than pu- 
rified Tartar, and differ from each «her in their 
form oply, 

ThcKigh the Cryftals of Tartar have every ap- 
pearance of a neutral fait, yet they ate faf frorfi 
being fuch \ for they have all the properties of a 
true add, which fcarce differs from that of vine- 
gar, except that it contains lefs Water, and more 
■earth and oil ; to which it owes its folid form, as 
well as its property of not being lolutie in wata- 
wi^out much difficulty : for a very great quan- 
tity of .water is requifite to keep the Cryftals of 
Tartar in iolut ion ; and it muft mbreovcr be boil- 
ing hot *, otherwife as foon as it cools moft of the 

Tartar 



.. Tarw is deq(Hi)pofed ^.caUdbjuio^ 
fire. Alli^<)ay.part» wecfcmfe^^'-difiip^^ 
|A ft?iolm> J t^cthcr wit}^,imf)ft^ k^ jNCJd The 
other part of its acid,, uoiuog mtijcnately ^ with its 
tarth) %m» 9; Vif ry firpitg; an4:Vf ry {^urf gyied al- 
kali, caUed-iSjfA;4f 3>r/4r.f 
! It will be flmwn io iu proper place tba$ ^moil 
ev^y v<gev4>^.flWtcrt' 5is, jyell as Tartw^ . I^ws a 
ii^ed al^i ij^ i$$< aflies : yet. Tartar has^ t}^ pe- 
culiar pc^p^roes s . firft, it; ailume$ ^ alkajim ct»r 
ra6);er tven when burnt or aalqmed in-c]^« vci^ 
(els ^ whe^BBan other fuUlaoces ac<)we ir.q«ly bf 
being burnt in the open air 1^ fecqndly, tbe alkali 
of Tan^ is ftronger and more faline than aUix»ft 
.a,py t^tc^s obfl^iioed £^f)Q> orh^ 

Jhi^ Ml^, wbfp ^ip»ugl;^ly calciacd, po?wfr 
f^U^ ai$r^ .the moifture o£ 1^ aifii <aod ^odca 
in«>.ai> iMV^ooH^ alkalis. liquATs iijipflfferly, q^iUed 
jQ^.^ T'^f^f^^^ i^ de^mum.^ This ia^ ttwr^alkati 
gf^l)^aUytU^4 in ni^kic^.the fVrr^ /oJe«/ii$ mffir 
^ionfyd uiiKliSf thq h^ad of Vinc^^ y ^r wJMolif Boar 
ion thi^coipbiwtioniacalM Tm^a^Fiofia^ Tsrfarii 
^ n^mt i6;»Uble^^pough« B^ the. Wwi €9Dn«t bf 
faid of the other name, RegeneratsJ ^arUsfS'i^^M^ 
^ alifor |^<i& .^ 'His tnw ibat 014. tt^^PQC^fion 
4«ibo^jetacid.isifeftoij«4 Ko \hf aai^ ff j^e TaiiWft 
gnalogpwr tO' thav of which tite S^ hud .<}e^i^ 
i«ii .btw the) compound thfino^ neibjtmg i^ )». vmr 
M^\ iAt wJk>kh v>cry r^wiiJy ^iiJWvesi.iin .watVi 
.w^efoaa T^tfiar.is imt»£f(^ goid^ aMJi a^;fo})^4> 
w..ai; lc#jhiidly.f§Wk>te> in watw.. , . r , 
. . Giyftalsuo^ tTarur/ 'Combifie^: mth. 9lli^ >f}^ Tarr 
-tar i«od*c^:ai great. efferifefiireBcc .whi^ tl|^ air 
mixiog) adalLackis ufually dQ; andif theif^os^ina- 
tion be brought exadly up tatlie pQint.iif taMvsitiot^ 
nfoi:.-!; a per- 
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a p^rft^y neutral fait is formed, which (hoots into 
cryfttlsv ^nd- eafily diEflfotves in water; and this 
hath procured it the name of Soluble Tartar. It ia 
alio caifed the Vegitable Salt^ as being obtained 
from vegetables only ; and again, Tartarifed Tar- 
tar^ becaufe it confifts of the acid and the alkali 
of Tartar combined together. 

Cryftals of Tartar combined with alkalis - pro- 
cured from the afhes of fea-weeds, fuch as Soda, 
which alkalis refemble the b^fis of fea-falt, form 
likewiie a neutral fait, which cryftaHtzes well, and 
diflblves eafily in water. This fait is another fort 
of foluUe Tartar. It is called Saignette*s Sah^ 
from the inventor's name. 

Both the V^table Salt and Saignette^s Salt are 
gently purgative fbapis/and much ufed in Me^ 
dicinei ^ • 

Tartar likewife diSblves the abfbrbent earths, as 
lime, chalk, &r. and with them forms neutral 
fairs -which are foluble in water *. It even attacks 
metallic bodies, and when combined with them 
becomes feeble. A foluble Tartar for medical 
ufe is jM^parcd with Cryftals of Tartar and Iron ! 
the metallic fait thereby produced hath the name 
of Cbalykeated foluble Tartar. This fait attrafts 
the moifture of the air, and is one of thofe which 
do not eryftallize. 

Cryftallized Tartar afts alfo upon - ft veral other 
metallic fubflances: for inftance, it difiblves tte 
Regulus, Liver, and Glafs of Antimbny; and 
thence acquiirs an emetic quality ; it is then called 
Stibiated or Emetic Tartar. It likewife diflblves 
X^ad, and therewith forms a falt'whicjh, in the 
figure of its cryftals, rcfembles Tartarifed Tartar: 

It is very extraordinary that Tartar, whi6h of 
itfelf iis not foluble in water, fliould be foluble 

* See Mr. Dohamers E/Tays on this fubjedt in the Memoin 
of the Acadeja/ of Sciences. 

therein 
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tberein when become- a neutral -fait bfiiniting either, 
with alkalis or with abforbent earths, dr cveiir^w?rh 
metals. With re^eft to alkalis, indeed, it may be 
urged that, having thc*mfelves.a;great affinity with 
water, they communicate tO-Tartar-fome of that fa- 
cility with which they naturally unite therewith : 
but the fame cannot be alledged concerning abfor- 
bent earths, and metallic fybftances, which water 
diflblves not at all, or at leaft withgreat difficulty, 
and in fmall quantity, -This eflfeft,-' therefore, muft 
be attrihmed wholly to fomc change in the difpofi*^ 
tibn of its parts which is to usiinknown. 

All the foluble Tartars are eafily decompounded 
by expofing them to a certain degree of heat. In 
difiiUation they yield the fame principles which are 
obtained from Tartar ^ and wha,c remains fixed in 
the fire, after they are thoroughly burnt, is a com-, 
pound of the alkali which Tartar naturally pro- 
ducer, and of the alkaline or metallic fubftancc 
with which it was converted into a neutral fah. 

As Cfyftal of Tartar is the weakeft of all acids, 
on account of the oily and earthy matters with 
which it i$ combined, foluble Tartars are decom^ 
pounded by all the acids i by aay of which cryftal 
of Tartar may be feparated froip the fubllancc that 
ferves it for a b^fis wd renders it a neutral fait. . 
. The other acids, which are . procij red from ve* 
getabjqs^ apd even jhofe which are obtainable from 
fome ac^mal fubftance^, may ^ be referred to and 
con^pared:>y^|iieither .Viapgar or Taftar, according 
%o ith? qxA^ttfities of qi| or earth with vwhich they are 
combined, . v . ;. , ,.,. i 

* , Aftqr, aljl^ ;thefe. acids .^yc not ^yet been tho^ 
joughjy e}{ap>in.ed.^ ^'^h^fc is great r^on to. think 
il>^.?hey[ve,^^4^r/hftn;4he inineral, acids, wbioh 
in paffing through the bodies of^ vegetables, and 
fvenj 9^.ar^l«,,,uijjf|gggq; a, g>nfi^rable change^ 
,«fpeci?lly by .contr^d^pg^ 3fi ux^orp v[ith;oily matters^ 

" ' " . ■ ' *' For, 
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For, as we laid befbit in treating of Vinegar, I^ 
ixmx% diem from their <hI they are brought very- 
near to the nature of mineral acids : and fo likewife 
the mineral acids acquire many of the properties of 
vegetable acids by being combined with oils. 
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CHAP. XV. 

Of tbi Putrid Fermentation, or 

Putrefaction. 

EVERY body wWch hath gone through the 
two ftages of fernnentalton above defcribed^ 
that 13, the fpirituous and the acetous fermentation, 
being left to itfetf in a due degree of warmth, which 
varies according to the fubjed, advances to the 
laft ftage of fermentation ; that is, to putrefac- 
tion. 

It is proper to oWerve, before we go any further, 
that the revcrfc of this propofition is not true; that is, 
it is not neceflary that a body Ihould fuccefllvely pafi 
through the fpirituous and the acetous fermentation; 
before it can arrive at the putrid ; but that, as cer- 
tain fubftances fall into the acetous without having 
cone through the fpirituous fermentation^ {o others 
begin to putrify whhout having undergone either 
the fpirituous or the acetous fermentation ; of whieh 
laft kind are, for inftamre, moft animal fubftanoes. 
When therefore we reprefented theie three forts of 
^rmentation as three difierent degrees or ftages of 
one and the fame fermentation, we fuppofed it to be 
excited in a body fufcqitiUe of fermentation in its 
full extent 

However, there is ftiO room to think that every 
ftibftance which is capaUeof fermenting ttlwayk 

6 paflcs 
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pgiles n^cei&rily dirough thefe th^e^^ecwt ftage^i 
bjatchat th^.fubflaiices moftdilppfed -thereto pafi 
with fuch rapidity through the Avfky.^nd *^vm the 
fecond, that they arrive at thQ-thir4 .be^^re our 
lenje^ jcw peoceiye the kail %ns af dch'er of the 
two former. This opinion is not deftitute of pro- 
bability ; yet it is not fupported by j^oofe lufB-* 
ciently ftrm^.aod nutneroos to confp^lt o^ iW^* 

When a body is in a putrefying (late it is eafy to 
diibover, (as in thp two forts of fermentation al- 
r^dy treated of,) by the vapours which rife from it^ 
by the opadt^ which invades k, if a pellucid liquor^ 
and ficquendy even :by a greater degree of heat 
(hao is found in the two other forts of fermentation, 
i:Iut an inteftine motion is begun among its confti-^ 
tuent parts, which lafts till the Whole be entirely 
' puttiefied. 

The eflfeft of this inteftine motion is lA this^ as ill 
^e two dthcr fttfts of feittentaH:ioiir, to break the 
union, and change the dil|>ofition, of the particles 
conftitwtidg th^ body in which it is tecited, and 
to produce a. new combination. This is brodght 
flfbbut by! a mechanifm t6 which w^ ait ftrangers, 
and ' concerning whifch' nothing beyond cbnjfeftutes 
can be advanced : ^but thefe we Aegle<a, refolving to 
keep whOUy to fafls, ^^s the only thln^ in Natural 
FMOki^phy that are pofitivdy certain. 

If, then, we cxartHfte a nibft^fice'thatt h^$ Uh- 
.diargone putrefadMon, we (hall ibon p^reeiVe '^Hart 
it contains' a principle whk^ did ^ot exift in it be^ 
fore. ' If .tRfe -fcbftanG^ be diftiHed, there rifts firft, 
by means of' a vei^^^erttte heat,* a ,ftiin€ ^natter 
Whkhr is exceedingly inolkik,' aISS SflfeiSs the ^gah 
rffmeflirig brlftly^afedv^tf^le^ably. -:N<^4^-the 
Hkl of dmmt\oh^^netkffi»^^4y^ 
of • this prc8isa:*^i)f ^pEftriift^Men \ -it - readily ma- 
nifefts itfelf in moft fubftances where ft-^X4ftsy as 
ahy^onte may ^fcii'bff 41^^ by' obferving- tha 
Vol, i:^:^^--^"^ ^c •:.:|C > ^: -:: " '-d«f(j»xal5 
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difierent fmell of frefli and of putrefied urine ; for 
the latter not only afFedts the nofe, but even makes 
the eyes fmart, and irritates them fo as to draw tears 
from them in abundance. 

This faline principle ivhich is the produd): of pu^ 
trefafUon, when ieparated from the other principles 
of the body which affords it, and collefted by itielf, 
appears either in the form of a liquor, or in that of 
a concrete fait, according to the different methods 
uled to obtain it. In the former ftate it is called a 
Volatile Urimus Spirit ; and in the latter a. Volaiik 
Urinous Salt. The qualification of urinous i^ ^ven 
it, becaufe, as was faid, a great deal thereof is 
generated in putrefied urine,, to which it communi- 
cates its fmell. It goes alfo by the general name of a 
Volatile Alkali^ whether in a concrete or in a liquid 
form. The enumeration of its properties will fliew 
why it is called an Alkali. 

Volatile Alkalis, from whatever fubftance ob- 
tained, are all alike, and have all the fame propw*- 
ties ; differing only according to their degrees of 
purity. The Volatile Alkali, as well as the Fixed, 
confifts of a certain quantity of acid combined with 
and entangled by a portion of the earth of the mixt 
body from which it was obtained ; and on that ac- 
count it has many properties like thofe of a Fixed 
Alkali. But there is moreover in its compofition a 
confiderable quantity of a fat or oily matter, of 
which there is none in a Fixed Alkali 5 and on this 
account again there is a great difitrence between them. 
Thus the Volatility of the Alkali produced by pu- 
trefadion, which is the principal difference between 
it and the other kind of Alkali whofe nature it is to 
be Fixed, muft be attributed to the portion of oil 
which it contains : for there is a certain method of 
volatilizing Fixed Alkalis by meails of a fatty fub- 
ftance. 

. . Volatile 
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Volatile Alkalis have a great affinity with acids, 
unite therewith rapidly and with ebullition, and 
form with them neutral falts, which fhoot into 
cryftals, but differ from one another according to 
the kind of acid employed in tl^e combination. 

The neutral falts \^hich have a Volatile Alkali for 
their bafis are in general called Ammoniacal Salts i 
That whof&acid is the acid of fea-falt is called Sal 
Ammoniac. As this was the firft known, it gave 
name to all the reft. Great quantities of this fait 
are made in Egypt, and thence brought to us. They 
iublime it from the foot of cow's-dung, which is the 
fewel of that country, and contains fea-falt, toge- 
ther with a Volatile Alkali, or at leaft the materials 
proper for forming it ; and confequently aB-thc in- 
gredients that enter into the compofition of Sal Am- 
moniac.' See the Memoirs of the Academy of 
Sciences. 

The neutral falts formed by combining the acids 
of nitre and of vitriol with a Volatile Alkali - arc 
called, after their acids. Nitrous Sal Ammoniac and 
Vitriolic Sal Ammoniac : the latter, from the name 
of its inventor, is alfo called Glauber's Secret Sal 
Ammoniac. 

A Volatile Alkali, then, has the fame property 
as a fixed Alkali with regard to acids ; yet they 
differ in this, that the affinity of the former with 
acids is weaker than that of the latter : and hence it 
follows that any Sal Ammoniac may be? decom- 
pounded by a Fixed Alkali, which wiir lay hold of 
the acid, and difcharge the Volatile Alkali. 

A Volatile AlkaH will decompound any neutral 
fait which has not a Fixed Alkali for its bafis j that 
is, all fuch as confift of an acid combined with an 
abforbcnt earth or a metallic fubftance. By joining 
with the acids in which they are diflblved, it difen- 
gages the earths or metallic fubllances^ takes their 
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plju:e, and in canjunAkm wkh theff acids fonm 
Ammoniac Saks. 

Hence it might be concluded that, of aH iut>- 
ftances, next to the Phlogifton amd the Fixed Alka* 
lis, Volatile Alkalis have the greateft affinity with 
acids in general. Yet there is fome difficulty in 
this matter : for abforbent earths and ieverai me- 
tallic fubftances are alio capable of decompounding 
Ammoniacal Salts^ difch^ging their Volatile Al- 
kali, and formir^ new compounds by itnitk^ with 
their ackls. This might induce us to &tnk that 
thefe fubftances have nearly the fame affinity with 
acids. 

But it is proper to obferve, that a VolatSb AVa& 
decompounds fuch neutral faks as have for their 
bafis either an abforbent earth or a metallic fiib- 
ftance, >vithout the aid of fire ; whereas aUbrbent 
earths or metallic fubftances will not decompound an 
AmnK>niacal Salt, unle& they be alHfted by a Cer- 
tain degree of heat. 

Now as all thefe matters are extremely fixed, at 
lead in comparifon with a Volatile Alkali, they 
have the advantage of being able to refift the force 
of fire, and fo of ading in conjunAion therewith ; 
and fire greatly promotes the natural aftion of fijb- 
ftances upon one another : whereas the Volatile Al- 
kali in the Ammoniacal Salt, being unalde to al^e 
the force of fire, is compelled to defert its acid ; 
and that fo much the more quickly, as its affinity 
therewith is cwifiderably weakened by the prefeice 
of an earthy or metallic fubftanoe, both of which 
have a great affinity with acids. 

Thete coiifiderations obl^ us to conclude, that 
Volatile Alkalis have a fomewhat greater affinity, 
than abforbent earths and metallic fubftances, with 
acids. 

Ammoniacal Salts projefled upon nitre in fufion 
make it detonate ^ and the Nitrous Sal Ammoniac 

detonates 
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detonates by itielf, without the addition of any in^ 
jlammable matter* This Angular eficft evidently 
dationftrates the exiftence of an oily matter in Vo- 
latile Alkalis ; for it is certain that nitre will never 
deflagrate without the concurrence, and even the, 
immediate conu6):, of Ibme combuilible matter. 

This oily fubftance is often found comlnned with 
Volatile AlkaUs in fuch a large proportion as to dif- 
guife it> ifl ibme meafure, and render it exceeding 
TOul. The fait may be freed from its fuperfluous 
oil by repeated fuUimations *, and particularly by 
jubliming it from abforbent earths, which readily 
drink up oils« This is called the ReSificaticn of a 
Volatile Alkali, The fait, which before was of a 
yellowifti or dirty colour, by being thus reftificd 
becomes very white, and acquires an odour more 
pungent and lefs fetid than it had at firft, that is, 
when obtained by one fingle difliUatk>n from a pu- 
trid fubftance. 

It is proper to obferve that the redificatwn of 
-a VolatUe Alkali moft not be carried too far, or re- 
peated too often i for by that means it may be en- 
tirely decompo&d at length ; and particularly if an 
abforbent earth, and efpeciaUy chalk, be employed 
for that purpoie, the ialt may be converted into an 
-oil, an earth, and water. 

V<Jatile Alkalis aft upon feveral n^etallic fub- 
ftances, and particularly on copper ; of which they 
make a mod beautiful blue fblution. On this pro- 
perty depends a pretty Angular effedl, which happens 
ibmetimes when we attempt by means of a Volatile 
Alkali to feparate copper from any acid with which 1 
it is combined. Inftead of feeing the liquor grow 
turbid, and the metal fall, both which generally 
happen when any Alkali whatevjcr is mixed with a 
metallic ibiution, we are furprifed to obferve the fo- 
lution of copper, upon adding a Volatile Alkali, 
retain its limpidity, and let fall no precipitate \ or at 

K a leaft 
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leaft if the liquor does grow turbid, it remains (6 
but for a moment, and inftantly recovers its tranf- 
parency. 

This is occafioned by adding fuch a quantity of 
Volatile Alkali as is more than fufficient fully to ia- 
turate the acid of the folution, and confiderable 
enough to diflblve all the copper as fail as it is ie- 
parated from the acid. On this occafion the liquor 
iacquires a deeper blue than it had before ; which 
arifes from the property which Volatile Alkalis have 
of giving this metal, when combined with them, a 
fviller blue than any other folvent can : hence wc 
have a touchftone to difcover copper wherever 
it is ; for let the quantity of this metal combined 
with other metals be ever fo fmall, a Volatile Alkali 
never fails to difcover it, by making it appear of a 
blue colour. 

Though a Volatile Alkali be qonftantly the re- 
fult of putrefaftion, yet it muft not therefore be ima- 
gined that none can be produced by any other 
means ♦, on the contrary, moft of thofe which con- 
tain the ingredients ncceflary to form it yield noin- 
confiderable quantity thereof in diftillation. Tartar, 
for example, which by being burnt in an open fire 
is converted, as was fhewn, into a Fixed Alkali, 
yields a Volatile Alkali when it is decornpofed in 
clofe veflels ; that is, when it is diftilled : becaufe 
in this latter cafe the oily part is not diffipated or 
burnt, as it is by calcination in a naked fire, but 
has time to unite with fome of the earth and acid of 
the mixt, in fuch a manner as to form a true Vo- 
latile Alkali. 

To prove that on this occafion, as well as on all 
others, where unputrcfied bodies yield a Volatile Al- 
kali, this fait is the produft of the fire, we need 
only obferve, that in thefe diftillations it never rifes 
till after fome part of the phlegm, of the acid, and 
even of the thick oil of the mixt, is come over ; 

which 
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\rhicfa never is tke cafe when it is formed before- 
hand in the body which is the fubjedb of the opera- 
tion, as it is in thofe which have undergone pu- 
txcfaftion : for' this fait, being much lighter and 
more volatile than thofe other fubftances, rifes o£ 
courfe before them in diilillation. 



CHAP. XVI. 

j^ General View of Chymical 
Decomposition. 

THOUGH we have confidered all the fub- 
ftances which enter into the compofition of 
Vegetables, Animals, and Minerals, whether as pri- 
mary or as fecondary principles, it will not be im- 
proper to ftiew in what order we obtain thcfe prin- 
ciples from the feveral mixts ; and efpecially from 
Vegetables and Animals, becaufe they are much more 
complicated than Minerals. This is ci&itdi Andlyfing 
a compound. 

The method moft commonly taken to decompofe 
bodies is by applying to them fucceflive degrees ot 
heat, from the g^ntleft to the moft violent, in ap- 
propriated veflels, fo contrived as to colleft what 
exhales from them. By this means the principles 
are gradually feparatcd from each other ; the moft 
volatile rife firft, and the reft follow in order, as 
they come to be afted on by the proper degree of 
heat : and this is called Diftillation, 

But it being obferved that fire, applied to the de- 
compcflition of bodies, moft commonly alters their 
fecondary principles very fenfibly, by combining 
them in a different manner with each other, or 
even partly decompofing them, and reducing them 
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to theif primitive principled •, otHer means have been 
ufed to feparate thofc princi^es without the htljp of 

fire. 

With this view the miKts to be decompofed are 
Swcibly comprcffed, in order to fqueeze out of them 
all fuch parts of their fubftance as they will by this 
means part with ; or elfe thofe mixts are for a long 
time triturated, either alons with water, which car- 
ries off all their faline and laponaceous contents 5 or 
with folvents, fuch as ardent fpirits, capable of taking 
up every thing in them that is of an oily or rcfinous 
nature. 

We (hall here give a fuccinft account of the ef- 
fefts of thefe different methods, as applied to the 
principal fubftances among Vegetables and Ani- 
mals, and likewife to fome Minerals. 

§. I. The Analysis of Vegetable Substan^ces. 

A vaft noany vegetable fubftances, fuch as kernels 
and feeds, yield by ftrong compreffion great quantities 
of mild, fat, unduous Oils, which are not fbluble 
in ardent fpirits : thefe arc what we called Exprejfed 
Oils. 1 hey are alfo fometimes called Fat Oils, on 
account of their unduoufnefs, in which they exceed 
all other forts of Oil. As thefe Oils are obtained 
without the aid of fire, it is certain that they ex- 
ifted in the mixt juft as we fee them, and that they 
are not in the leaft altered ; which could not have 
been the cafe had they been obtained by diftillation : 
for that never produces any Oils but fuch as arc 
acrid and foluble in fpirit of wine. 

Some vegetable matters, fuch as the rind df ci- 
trons, lemons, oranges, &f^. alfo yield, only by be^ 
ing fqueezed between the fingers, a great deal of 
Oil. This fpirts out in fine fmall jets, which being 
received upon any poliOied furface, fuch as a look- 
ing-glafs, run together and form a liquor that is a 
real Oil. 

But 
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' But it muft be cafefuHjr noted that this fort of 
OiK though bbtaJhed by exprefflon only, is never- 
thcfcfs very diflfettnt from the Oils mentioned before 
to which the title of Expreffid Oils peculiarly be- 
longs : for this is faf lighter and thinner ; moreover, 
it retains thcL^ffeft odour of the fruit which yields 
ift, and is foluble in ipirit of wine ; in a word, it is 
a true cflenrial Oil, but abounds fo in the fruits 
which produce ft, and is lodged therein in fuch a 
manner, occupying a vafk number of litde cells pro- 
vided in the peel for its reception, that a very flight 
preffure difcharges it ; which is not the cafe with 
many other vegetables that contain an eflential Oil. 
Succulent and green plants yield by compreflion 
a great deal of liquor or juice, which confifts of 
moil of the phlegm, of the falts, and a fmall por- 
tion of the oil and earth of the plant. Thefe juices, 
being fet in a cool place for fome time, depofite fa- 
line cryftals, which are a combination of the acid of 
the plant with part of its oil and earth, whprein the 
acid is always predominant, Thefe falts, as -is evi- 
dent from the deftription here givien, bear a great 
refemblance to the tartar of wine treated of above. 
They are called Effential Salts}, fo that Tartar 
might likcwife be called the Effential Salt of Wine. 

Dried plants, and fuch as are of a ligneous, or acid 
nature, require to be long triturated with water, 
before they will yield their eflential falts. Tritura- 
tion with water is an excellent way to get out of 
them all their faline and faponaceous contents, 

A vegetable matter that is very oily yidds its ef- 
fential fait with much difficulty, if at all ; becaulc 
the exceffive quantity of oil entangles the fait ip 
that it cannot extricate itfelf or flioot into cryftals. 
Mr. Gerike, in his Principles of Chymijlry^ fays, that 
if part of the oil of a plant be cxtrafted by fpirit 
of wine, its eflential fait may be afterwards ob- 
tained with more eafe and in greater quantity. This 

muft 



138 Elements <?//ife 

muft be a very good method for fuch plants as have 
an excefllve proportion of efiential oil ; but M^iU 
pot fuccetd if the efiential fait be hindered from 
cryftalizing by a redundancy of fat oil, becauie 
fat oils are not foluble in fpirit of wine. 

Eifential Salts are among thofe fubilances which 
cannot be extradted from mixts by diftillation -, for 
the firft impreffion of fire decompofes them. 

Thoiigh the acid which predominates in the Ef- 
fential Salts of plants, be mod commonly analogous 
to the vegetable acid, properly fo called, that is, to 
the acid of vinegar and tartar, which is probably no 
other than the vitriolic acid difguifed ; yet ir fome- 
times differs -therefrom, and fomewhat refembles the 
nitrous or the marine acid. This depends on the 
places where the plants grow which produce thefe 
falts : if they be fubmarine plants, their acid is 
akin to the acid of fea-falt •, if on the contrary they 
grow upon walls, or in nitrous grounds, their acid 
is like that of nitre. Sometimes one and the fame 
plant conrairis falts analogous to all the three mineral 
acids ; which Ihews that the vegetable acids are no 
other than the mineral acids varioufly changed by 
circulating through plants. 

Liquors containing the Effential Salts of plants 
being evaporated by a gentle heat to the confiftence 
of honey, or even further, are called Ex trails. 
Hence it is plain, that an Extraft is nothing bii 
the Eflential Salt of a plant, combined with fome 
particles of its oil and earth, that remained fuf- 
pended in the liquor, and are now incorporated by 
evaporation. 

Extrads of plants are alfo prepared by boiling 
them long in water, and then evaporating fome part 
it. But thefe Extrafts are of inferior virtue ; be- 
caufe the fire diffipates many of the oily and falinc 
parts. • 

Emulsions 
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^ Emulsions. 

Subftances which abound much in Oil, being 
bruifed and triturated with water for fometime, af- 
ford a liquor of an opaque dead-white colour like 
milk. This liquor confifts of liich juices as the wa- 
ter is capable of diflblving, together with a portion 
of the oil, which being naturally indiflbluble in wa- 
ter, is only divided and difperfed in the liquor, the 
limpidity whereof is by that means deftroyed. 
This fort of oily liquor, in which the oil is only di- 
vided, not diflblved, is called an Emul/ion. The 
oily particles in Emulfions fpontaneoufly feparate 
fronvthe water, when left at reft, and uniting into 
greater mafles rife, on account of their lightnefs, to 
the furface of the liquor, which by that means re- 
covers a degree of tranfparency. . 

If vegetables abounding in eflential oils and re- 
fins be digeftcd in Ipirit of wine, the menftruum 
takes up thefe oily matters, as being capable of 
diflblving them ; and they may afterwards be eafily 
feparated from it . by the afFufion of water. The 
water, with which ^irit of wine has a greater af- 
finity than with oily matters, fcparates them by this 
means from their folvent, agreeably to the common 
laws of affinities. 

Without the help of fire fcarce any things 
befides the fubftances already mentioned, can be 
obtained from a plant : but by the means of diftil- 
lation we are enabled to analyfe them more com- 
pletely. In profccuting this method of extrafting 
from a plant the feveral principles of which it con- 
fifts, the following order is to be obferved. 

A plant being cxpofed to a very gentle heat, in 
a diftilling veflfel fet in the balneum maria^ yields a 
water which retains the perfect fmell thereof. Some 
Chymifts, and particularly the illuftrious Boerhaave, 
have called this liquor the Spiritus ReSor. The 

nature 
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nature of this odoriferous part of plants is not yet 
thoroughly known; becaufe it is fo vdy volatile 
dial: it is difficult to fut^ed it to the experiments ne- 
cefiary fcH- difcoverii^ ail its prc^)erties. 

If inftead of diftilUng the plant in the halnemm 
maruey it be diflilled over a naked fire^ with the 
precaution of putting a certain quantity of water in« 
to the diftilling vtSd along with it, to prevent its 
fuflfering a greater heat than that of boiling water, 
all the efiential oil contained in that plant will rile 
together with that water, and with the fame d^ree 
of heat. 

On this occafion it muft be obferved that no ef- 
iential oil can be obtained from a plant after the 
Spiritus ReSlor hath been drawn off; which gives 
ground to think that the volatility of thefe oils is 
owing to that foirit. 

The heat of boiling water is alfo fufficient to fe- 
parate from vegetable matters the fat oils which 
they contain : that, however, is to be done by die 
way of decoftion only, and not by diftilladon 5 be- 
caiMe though thefe oils will fwim on water, yet they 
will not rife in vapours without a greater degree ci 
h^t. 

/ When the eflential oil is come over, if the plant 
be expofed to a naked fire, without the addition of 
water, and the heat be increafed a little, a phlegm 
will rife that gradually grows acid •, after which, if 
the heat be iiicreafed as' occafion requires, there 
will come over a thicker and heavier oil ; from feme 
a volatile alkali ; and laft .of all, a very thick, 
black, empyrcumatic oil. 

When nothing more rifes with the ftrongeft de- 
gree of heat, there remains of the plant a mere coal 
only, called the Caput mortuumy or Terra dammta. 
This coal when burnt falls into afhes, which bdag 
lixiviated witli water, g^ve a fixed alkali. 

It 
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. It is obfervable that in the diftillation of plants 
which yield an acid and a volatile alkali, thefe two 
falts are often found quite diftindl: and feparate ia 
thtf fame receiver ; which feems very extraordinary, 
confiderii^ that thc^ are naturally difpofed to unite, 
and have a great afilnity with one another. The rea- 
ibn of this phenomenon is that they are both com<>* 
fained with JDUch oil, which embarrafies them ib 
tl:^ they cannot unite to form a neutral fait, as 
they would nbt fail to do were it not for that rm- 
pednnent. 

. All vqjetablcs, except fuch as yield a great deal 
of volatile alkali, being burnt in an open fire, and 
fb as to flame;, leave in their alhes a large quantity 
of an acrid, cauftic, fixed alkali. But if care be 
taken to.feiother them, ib as to prevent their flaming 
while they burn, by covering them with fomething 
that may continually beat d^wn again what exhales, 
tlie fait obtained from their adhes will be much lefs 
acrid and cauftic ^ the caufe whereof is, that fome 
part of die add and oil of nhe pliant being det<dned 
in the burning, and ftopped from being diffipated 
by the fire, combines mtk its aHcali. Thefe faks 
cryftallize, and being much niilder than the com* 
moQ fixed alkalk, may be ufed in medicine, and 
taken internally: They are caRed ^achemuf% SaUs^ 
bccaufe invented by that Chymift. 

Marine plants yield a fixed alkali analogous to 
that of fea^-^t. As for all other plants or vegerable 
fobftttnoes^ the fixed alkalis obtained from them, 
if rightly prepared and thoroughly calcmed, are alt 
perfeddy mtifie^ and of the very fame nature. 

The laft obfervation I have to make on the pro- 
duftion of fixed alkalis is, that if the plant you iui- 
tend to work upon be fteeped or boiled in water 
before you bum it, a much fmaller quantity of fait 
will be obtained from it -, nay, it will yield none at 
all, if repeated .boiling;s have . robbed k entiKly of 

thpfc 
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thofe faline particles which muft neceffarily €oncur 
with its earth to form a fixed Alkali. \,. 

$. II. ^be Analysis of Animal Sub»tance9». 

Succulent animal fubftances, fuch as new-killed 
flefh, yield by expreffion a juice, oc liquid, which . 
i$ no odier than the phlegm, replete with all the 
principles of the animal body, except the e^Oth, of 
which it contains but little. The hard or dry parts, 
fuch as the horns, bones, &r. yield a fimilar juice, 
by boiling them in water. Thcfe juices becohie 
thick, like a glue or jelly, when their watery parts 
are evaporated ; and in this ftate^tbey^are.true ex>. 
tra£b of animal matters.. . Thefe juices afford -no 
cryftals of eflentialfalt, like thofe obtained from ve- 
getables, and iheiy-no fign either of an acid or an* 
alkali. . 

Great part of the oil which is in the flefli of anl-^ 
mals may be eaGly fepaniced without the help of 
fire; for it lies in a manner by itfelf : it is com** 
monly in a concrete form, and is called Fat. This 
oil fomewhat refembles the fat oils of vegetables ; 
for like them it is mild, unctuous, indiiibiuble in 
ipirit of wine, and is fubtilized ^nd attenuated by the 
aiftion of fire. But there is not in animals, as in 
vegetables, any light, eflential oil, wtuch rifes with 
the heat of boUing. water ; fo that properly fpeak-. 
ing, animals contain but ooe ibrt of oilw 

Few animal fubftances yield a perceptible acid, 
ants and bees are almoft the only ones from which 
^ny can be obtained ; and ' indeed the quantity 
which they yield is very fmall, as the >acid itfelf is 
extremely weak. 

The reafon thereof is, that as animals do not 
draw their nourifliment immediately from the earth, 
but feed wholly either on vegetables or on the flefli 
of other animals, the mineral acids, which have 
already undergone a great change by the union con* 

tradted 
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ttadled between them and the oily matters of the 
vegetable kingdom, enter into a clofcr union and 
combination with thefe oily parts while they are 
pafling through the organs and ftrainers of animals; 
whereby their prot)erties are deftroyed, or at leaft fo 
impaired that they are no longer fenfible. 

Animal matters yield in diftillation, firft, a 
phlegm, and then, on increafing the fire; a pretty 
cfcar oil, which gradually becomes thicker, blacker, 
more fetid, and emipyreumatic. It is accompanied 
with a great deal of volatile alkali ; and if the fire 
be raifed and kept up till nothing more com^s oyer, 
there will rcrtiain in the diftilfing veffel a coal like 
that of vegetables 5 except that when it is reduced 
to alhes, no fixed alkali; or at leaft very little, can 
be obtaihed from them, as from the a(hes of ve- 
getables. This arifes from hence that, as we faid 
before, the faline principle in animals being mord 
intimately united with the oil thaiv it is in plants, 
and being confequently more attenuated and fubtl- 
lized^ is too volatile to enter into the combination 
of a fixed alkali ; on the contrary it is more dif- 
pofed to join in forming a volatile alkali, wHich on 
this occafion does not rife till after tH< oil, and 
therefore muft certainly be the produftion of the 
fire. It muft be obferved, that all we have hitherto 
laid concerning the analyfis of bodies muft be uri- 
derliood bf fuch matters only as have not undergone 
any fort of Fermentation. 

The chyle and the milk of animals which feed on 
plants ftill retain fome likenefs to vegetables j be- 
cauife the principles of which thefe liquors are com- 
pofed have not gone through all the changes whicH 
they muft fufFer befpre they enter into the animal 
combination. • 

Urine and fweat are excrementirious aiqueous li- 
quors, loaded chiefly with the faline particles which 
are of no fcrvice towards th? nourifhment; of the 

anirjTial, 
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animal> but pafs through its ftrainers without rr-^ 
ceiviog any alteration^ ilich as the neutral iaie^ 
which have a fixed alkali fpr their bafis^ and 
particularly the fea*falt wbic;h }iappens to be ^ 
the food of animals, whetlier it cx^ therein na£Ur 
rally, as it does in fome plants, or whether the ani- 
mals eat it to pleafe th^ palatjes. 

The fajiva, the p^qceatic juice, and eQ^ecially 
the bile, are faponaceous liquor^, that is, they coq- 
fift of faline and oily particlc;s .cpnabined tqgeth^ 5 
fo that .being thetnfelves dii£>lved m an aqueous ji« 
quor, they are capable of dMfolving like wife t^tf 
oily parts, and ot rendering the^i miicibl^ y^it^ 
water. 

Laftly, the blood beung the receptacle of ^ 
thefe liquors partakes of the natute of each, nioi$ 
or lefs in proportion tg the qq^city (;herepf Vi^kb 
it contains.. 

§. III. The Analysis of Minxral Substances, 
Minerals difier .greatly from veg^I^es, apii 
from, animals ; they are not near fo complejt 99 
thofe organized bodies, and their principles ape 
much mo^ fimple; whence, if follows that t^el^ 
principles are much more clofcly cpnnefted, gnd 
jhat they cannot he feparated without the help (rf* 
fire 5 which not hairing on their parts the fame :ac* 
tion and the fame power as on organized bodkin hacb 
not the fame ill efleA oh them 3 I mean the eflfeQ 
of ch^ging their principles, or even deftfOying 
them entirely. 

' I do not here fpeak of pure, vitrifiable, or refrac- 
tory earths ; of mere metals and femi- metals j of 
pure acids ; or even of their (impleft combinatioDS, 
fuch as fulphur, vitriol, alum, fea-falt : of ail 
thefe we have faki enough. 

We are now to treat ot bodies that . are more com- 
plex, and therefore more fufceptibleof decompofitipn. 

6 Thefe 
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*rhpfe*bodies are compound mafles or combinations 
of thoie^a[boy£-mendonGd; that is, metailic fub- 
ftancfis as they are found in the bowels of the earth> 
unicod wirfi feveraj forts of fand, ftones, earths, 
iemx-metals, fiilphuf) ^drc^ When the metallic mat^ 
tfir is ccMnbined with other matters in fuch a pro- 
portioo: to. the reft that it may be feparated from 
thetn with advantage and profit, thefe compounds 
ane. called; ^rts : i;^hen* the cafe is otherwife, they are 
C2^t6.J^riUs^ and Mdnafites ; cfpeciaily if fulphur 
or arfeqiil bs predominant therein, which often hap- 

In ordefi to analyfe an ore, and get out of it the 
jnetal it isontains, the iirft flep is to free it from a 
great deal of earth J^qd ftones which commonly ad- 
here to. it very flighdy and fuperficially. This is 
cfFeftcd by pounding the ore, and then walhing it 
in water; tp the bottom of whidh the metalline parts 
prsfently^ fink, as being the beavieft, while the 
fmall particks of earth and ftone remain fuipended 
ibme^oite longer. 

Thus the metallic part Is left combined with 
fi|c)| mattfiiis only as are moft intimately complicated 
with it. Thefe fubft^nces are moft commonly fol- 
phur apd arfenic. Now as they are much more 
vQiltt]e> than other mineral matters, th^y may be 
diflipated in vapours, or the fulphur may be con- 
fumed, by exppfing the ore which contains them 
to a proper degree of heat. If the fulphur and arfe- 
nic b§ defifed by tbemfelves, the fumes thereof 
may be catched and coJtefted in proper veflels and 
places. Thjs operation id called Roajiing an Ore. 

The metal thus depurated is now fit to be expofed 
CO a greater force of fire, capable of melting it. 
; On this occafion the femi-metals and the im- 
perfed: metals require the addition of fome matter 
abounding in phlogifton, particularly charcoal- 
duft ; becaufe thefe metallic fubftances lofe their 
phlogifton by th^ adion of the fire, or ^f the fluxes 
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joined with them, and therefore without this ptc- 
caution would never acquire either the fplendour or 
the duftility of a metal. By this means the mc* 
tallic fubftance is more accurately feparated from the 
earthy and ftony parts, of which fome portion al- 
ways remains combined therewith till it is brought 
to fufion. For, as we obferved before, a metallic 
glafs or calx only will contract an union with itich 
matters ; a metal poflefled of its phlogifton and 
metalline form being utterly incapable thereof. 

We took notice of the caulb of this feparation 
above, where we (hewed that a metal pofleffid of its 
phlc^ifton and metalline form will not remain inti- 
mately united with any calcined or vitrified matter, 
not even with its own calx or glals. 

The metal therefore on this occafion gathers into 
a mafs, and lies at the bottom of the veflel, as 
being mod ponderous ; while the heter(^neous mat- 
ters float upon it in the form of a glais, or a iemi- 
vitrification. Thefe floating matters take the name 
of Scorufj and the metalline fubftance at bottom is 
called the Regulus. 

It frequency happens that the metalline regulus 
thus precipitated is idelf a compound of feveral metals 
mixed together, which are afterwards to be feparated. 
We cannot at prefent enter into a detail of the ope- 
rations neceflary for that purpofe : they will appear 
in our Treatife of PraSical Cbymiftry : but the prin- 
ciples on which they are founded may be deduced 
• from what we have faid above concerning the proper- 
ties of the feveral metals and of acids. 

It is proper to obferve, before we quit this fub- 
je6t, that the rules here laid down for analyfing 
ores are not abfolutely general: for example, it is 
often advifable to roaft the ore before you wafli it \ 
for by that means fome ores are opened, attenuated, 
and made very friable, which would coft much trou- 
ble 
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ble And expence, on account of their exceffive iiard- 
ndfs, if you fhould attempt to pound them withotit 
k previous torrefadtion. 

It is alfo frequently neceffary to feparate the ore 
from part only of its ftone v fometimes to leave the 
whole 5 and fometimes to add more to it, before 
you finelt it. This depends on the quality of the 
ftone^ which always helps to promote fufion when 
it is in its own nature fufible and vitrifiable. It is 
then called the Fluor of the ore : But of this we muft 
lay as we did of the preceding article ; it is fufficient 
for our prcfent purpofe to lay down the fundamental 
principles on which the reafon of every procefs 
IS built; the defcription of the operations them- 
felves being refervcd for our fecond Part. 

We fhall now give a fuccinft account of theprinci* 
pal ores and mineral bodies, contenting ourfelves 
with juft pointing out the particulars of which they 
fcverally confift. 

Of the Pyrites, 
Ifbe yellow Pyrites 4 

The yellow Pyrites is a mineral coftfiftirig rf 
fulphur, iron, an unmetallic earth, and frequently 
a little copper : the fulphur, which is the only one 
of thefe principles that is volatile, itiay be feparated 
from the reft by fublimation : it ufually makes & 
fourth, and fometimes a third, of the whole weight of 
thefe Pyrites. The other principles are feparatfcd from 
one another by fufion and redudlion with the phlo- 
gifton, which, by metallizing the ferruginous and 
cupreous earths, parts them from the unmetatlid 
earth t for this earth vitrifies, and cannot afterwards 
continue united with metallic ^ matters pofiefied of 
their metalline fotm^ as hath been fald before. 

L 2 There 
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There is yet afiother way pf 4eG9mpo(uig ite 
yellow Pyrites, which is to kt; it jye tijl it ^1^ 
refces, or begins to (hoot into . Of^mem $ wbi^^H is 
nothing but a fort of flow accaniipn of (he flil- 
phur it contains. The fulpfeur bmng by this 
means dccompofed, its apid unites with the ferru- 
ginous and cupreous parts of the Pyrites, .And 
therewith forms green and blue vitriols j ^bich 
may be extraded by ftecping in yfmr th^ Pyri«^ 
which has e0iore£:ed or hsen burnt, and thtfi eva- 
porating the lixivium to a pellicle^ fin* by this mei^ns 
the vitriol wil} fl^oot into cryftak. 

Sometimes the Pyrites contains alio an earth of 
the fame nature widi Aat o£ alum : a PyritM of 
this fort, after flowering» yields ^um as Well us 
vitriol* 

The White Pyrites. 

The white Pyrites contains m^ich arfcnic, a 
ferruginous earth, and an un metallic earth. The 
arfenic being a volatile principle may be feparated 
by fublimation or diftillation from the reft, which 
are fixed : and theie again may he disjoined from 
each other by fufion and reduction, as was faid in 
relation to the yellow Pyrites. 

' The Copper Pyrites. 
The Copper Pyrites contains fulphur, copped 
and an unmet^Uic earth. A great deal thereof 
likewiie holds arienic, and its polour aj^ro^hes 
more or k fe U> oraneje, yetfow, or white, accord- 
ing to Ae quantity of arfenic m it. It may be dc- 
c<Hnpofed by the iame m&9m as. th?. y^low dnd white 
Pyrites, 
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Of Ores. 

Of Gold Ores. 

Gold being conftantly found in its metalline 
form, and never combined with fulphur and arfe- 
nic, its ores are not, properly Ipeajcirig, ores; be^ 
caufe the metal contained in them is not mine- 
ralized. The gold is only lodged between particles 
oi ftone, earth, or fand, from which it is eafily fe- 
parated by lotion, and by amalgamation with quick- 
filven The gold thus found is feldom pure, but is 
frequendy alloyed with more or lefs filver, from 
which it is to be feparated by quartation. 

It is alfo very common to find gold in moft 
ores of other metals or femi-metals, and even 
in the Pyrites ; but the quantity contained therein is 
generally fo fmall, that it would not pay the coft of 
extrafting it. However, if any fliould incline tx> 
attempt it, merely out of curiofity, it would be ne- 
c^flary to begin with treating thefe ores, in the man- 
ner proper for feparating their metalline part -, then 
to cupel the metalline regulus fo obtained; and 
laftly to refine it by quartation,' 

Of Silver Ores. 

It is no rate thing to find filver, as well as gold, 
in its metalline form, only lodged in fundry earths 
irtd ftony matters, from which it may be feparated 
ih the fame manner as go|d. But the greateft 
quantities bf this metal are ufually dug out of the 
bowels of the earth in a truly mineral ftate ; that is, 
combined with different fubftances, and particularly 
with fulphur and affenic. 

Several filver ores are diftinguiflied by peculiar 
charafterifticks, and are accordingly denoted by 
particular names. That which is called the Z^/- 

L 3 treous 
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treous Silver Orcj is fcarcc any thing clfe but a com* 
bination of filver and fulphur. Another is kno^irn 
by the name of the Horny Silver Ore^ becaufe when 
in thin plates it is femi-tranfparcnt : in this ore the 
filver is mineralized by fulphur and a little arie- 
nic. The Red Silver Ore is of the colour 'which 
its name imports, fometimes more, fometimcs lefi 
vivid; and is chiefly compofed of filver, ar/enic, 
^nd fulphur : it alfo contains a little iron. 

Thefc three ores are very rich in filver : the GrA 
contains nearly three fourths of its weight, and the 
pthers about two thirds of theirs. 

There is a fourth, called the fFbite Silver Ore^ 
which though it be heavier, is not fo rich in filver, 
becaufe it contains much copper. Many other ores 
contain filver, yet are not, properly fpeaking, filver 
ores ; becaufe a much greater quantity of other me- 
tals than of filver is found in them. 

When a filver ore is tp be decompofed, in order to 
have the filver pure, or when filver is to be extrafted 
out of any ore that contains it, the firfl: thing to be 
done is to roaft the ore in order to clear it of the vola- 
tile minerals : and as filver cannot be had pure with- 
out the operation of the cupel, which requires ippre 
or lefs lead to be joined with it, it is ufual to mix 
with the torrified filver ore a quantity of lead pro- 
portioned to that of the heterogeneous matters com- 
bined with the filver, and to melt the whole toge- 
ther. Part of the added lead vitrifies during the 
fufion, and at the fame time converts fome of the 
heterogeneous matters alfo into glafs, with which 
it forms a fcoria that rifes to the furface of the 
fniitter. The other part of the lead, with which the 
filver is mixed, falls to the bottom in the form of a 
regulus, which muft be cupell<^ in order to hate 
(;he filver pure. 

A ♦ 0/ 
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Of Capper Ores. 

Copper is much feldotner found in a metalline 
^rm, than gold or filver : it is commonly in a mi- 
neral ftate : it is mineralized by fulphur and arfe- 
nic : almoft all its ores contain alfo more or lefs 
iron ; fomctimes a little filver or even gold, to- 
gether with unmetallic earths and Hones, as all 
ores do. 

Moll copper ores are of a beautiful green or blue, 
or clfe in (hades blended of thefe two colours. The 
minerals called mountain green, and mountain blue, 
are true copper ores j not in the form of hard flones, 
like other ores, but crumbly and frtable like earth. 
Neverthclefs there are fcveral copper ores of diffe- 
rent colours, as afh-coloured, whitiih, and fhaded 
with yellow or orange ; which colours arife from the 
difierent proportions dF arfenic, fulphur, and iron, 
which thefe ores contain. 

In order to decompofe a copper ore, and to ex- 
traft the copper it contains, it is firft of all to 
]be freed from as many of its earthy, ftony, ful- 
phureous, and arfenical parts, as is poflible, by 
roafting and wafliing ; then what remains ^ is to be 
mixed with a flux compounded of a fixed alksdi 
and fome inflammable matter; a little fea-falt is to be 
put over all, and the whole melted by a ftrong 
fire. The falts facilitate the fuiion and^fcorification 
of the unmetallic matters, and therewith form a 
(1^, which being the lighteft rifes to the furface. 
The metalline matters are colleftcd below in the 
form of a (hining regulus of co[^r ; which, how- 
ev^, is not ufually fine copper, but requires to be 
purified in the manner to be fhewn in our fecond 
part. 
In order to feparate the copper from the unmetallic 
. jnatters, it is abfolutely neceilary to melt its . ore 
along with inflamms^ble fubftanccs abounding in 

h 4 phlogillon. 
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phlogifton. For, as this metal is not poflefled 
of its metalline form While it is in a mineral 
ftatc, as it is deftitute of the tru* quantity of phlo- 
gifton, and* though it were not, would lofe it by 
the adion of the fire, it would come to pais that if 
its ore were melted without the addition of iny in- 
flammable matter, the cupreous earth or calx wottk) 
be fcorified and confounded with the unmctallic 
matters ; and as all metallic matters, except ^Id 
and filyer, are fubjedt to this inconvenience as 
well as copper, the addition of an inflammable fob- 
ftance, in fluxing all ores that contain them, is a ge- 
neral rule that pught conftatitly to be obferved. 

Of Iron Ores. 

Iron is feldom found pure and malleable in the 
earth; yet it is much feldpmer found in the mineral 
ftate, properly fo called, than any of the other me- 
tals : for moft iron ores are fcarce any thing mdfg 
than a ferruginous earth mixed iri different fro- 
portions with unmetallic earths and ftoties. Somd 
of them, however, contain alfo volatile minerals^ 
fuch as fulphur and atfenic j and therefore it is ne- 
ceflary to roaft the iron ores, like all others, befori 
you attempt to extraftthe metal out of them. That 
i>eing done, they are to be fmelted with a flux con* 
fifting of fgfible and inflammable matters, as the ge- 
neral rule direfts. 

Iron is the commonefl: of all metals \ riay, it is 
fo univerfally diffiifed throUgh the earth, that it i$ 
jdifficult to And any fliont^ earth, or fand, that docs 
not contain fome of it \ and therefore none of thcfe 
are ufually confideredand treated as iron orfcs, except 
fuch as contain a great deal of that metaU and melt 
cafily. The hematites, emery, yellow pyrites, ca- 
lamine, all contain a pretty corifiderable quantity of 
iron ; but no body attempts to cxtt-ad it froth 
^hem, becaufe they are very hard to melt. 

Ferruginous 
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Ferruginous earth being naturally of an orange 
colour, a ftone pr earth may be judged to contain 
irofl4 if either naturally or after roafting it apypears 
to have any ftiade of yellow or red. 

The Angular property which iron has of l>cing 
^ttrafted by the magnet, and of being the only body^ 
' exclufive of all others, that is fo, likewife affords 
us an eafy method of difcOVering the prefence of 
this metal among other matters, where it often exifts 
in filch a fmall quantity that it could not otherwife 
be found out. For this purpofe the body in which 
iron is fufpefted to lurk, muft be pulverifed and tor- 
refied with fome inflammable matter; and then the 
powder thus roafted being touched with a magnet^ 
or a magi>etical bar^ if it contains any particles of 
iron they will infallibly adhere to the magnet or 
bar. 

Of Tin Ores. 

Tin is never found in the earth pure and malle- 
able, bat always in a mineral ftate, and always mi- 
nelrali^ed by arfenic. Tin ores are not fulphureous ; 
Whehce it comes that though tin be the lighteft of 
dll tiietals, its ores are neverthelefs heavier than 
thofe of other metals, as arfenic greatly exceeds ful- 
phur in gravity. Some tin ores contain alfo a little 
iron. The ores of tin are to be waflied, roafted, 
dftd fmelted with a reducing flux, according to the 
general rules. 

Of Ledd Ores. 

LfeAD, like tin, is never found but in a mineral 
ftate. It is moft commonly mineralized by ful- 
phur ; yet there are fome lead ores which alfo con- 
tain arfehic. 

Lead Ores, as well as all others, muft be roafted 
ind fmelted with a reducing flux : however, as it is 
4}ifficvi}t tp free them from aJl their fulphur Jby torre- 

faftion 
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faAion only, the reducing flux employed in their 
fufion may be made up with a quantity of i ron 
filings, which being incapable of any union "veith 
lead, and having a much greater affinity than that 
metal with fulphur, will on this occafion be of 
great fervice by interpofing between them. 

Of ^ick-fiher Oresk 

Running Mercury is fometimes found in cer-- 
tsun earths, or grey, friable (tones ; but mod com- 
monly in a mineral (late. It i^always mineralized 
by fulphur, and by fulphur alone : fo that cinabar 
is the only ore of quick-filver that we know of: 
and a very rich one it is, (eeing it contains fix or 
feven times as much mercury as fulphur; 

Roafting can be of no ufe towards decompo* 
fing the ore of mercury, and feparating its ful- 
phur ; becaufe mercury being itfelf very volatile 
would be carried off by the fire together ^ith the 
fulphur. In order therefore to part the two fub- 
ftances of which cinabar confifts, recourle muft ne- 
'ce(rarily be had to fome third body, which will unite 
with one of them, and by that means feparate it 
from the other. Now all the metals, except gold, 
having a greater affinity than mercury with (uU 
phur, fuch a body is eafily found : any metal but 
gold may be employed with fuccefs in this decom- 
pofition ; but as iron hath a greater affinity with ful- 
phur than any of the reft, and is moreover the only 
one that cannot unite with mercury, it muft on 
account of thefe two qualities be preferred to all 
the reft. 

Fixed alkalis ^re a|(b well qualified to abforb 
the fulphur of cinabar. Cinabar muft be decom- 
poled in clofe ve(rels, ' and by the way of diftilla- 
tion^ ptherwife the mercury, as foo^as it feparates 
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from the fulphur, will be dilfipated in vapours 
and entirely loft. 

In this operation it is needlefs to add either flux 
or phlogifton ; becaufe the cinabar is decompofed 
without melting, and the mercury, though in a 
mineral ilate, contains, like gold and filver, all 
the phlogifton requifite to lecure its metalline 
properties* 

Of the Ores of Regulus of Antimony. 

Reoulus of Antimony is always found in a mi-> 
neral ftate : it is mineralized by fulphur ; but fomc* 
times, though rarely, it is alfo combined with a 
little arienic* 

When the ore of regulus of antimony is to be de- 
compofed, the firft thing to be done is to expofe it to 
a degree of heat too weak to melt its e^hy and flony 
parts, but ftrong enough to fuie its reguline together 
with its fulphureous parts, which by this means are 
feparated from the earth, and united into 6ne mafs, 
known by the name of Antimony. 

It is plain that this firft operation, which is founded 
on the great fufibility of antimony, produces, with 
r^ard to the ore of regulus of antimony, the fame 
tmiGt that wafhing hath.on other ores : fo that after 
this firft fulion nothing more is requifite to the obtain* 
ing of a pure regulus of antimony, but to feparate 
it from its fulphur by roafting, and to melt it with 
fome matter abounding in phlogifton, in the fame 
manner as other metallic matters are treated. The 
term calcination is generally tifed to exprefs this 
torrefadion of antimony, by means whereof the 
metallic earth of the regulus of antimony is feparated 
from its fulphur. 

As regulus of antimony hath, like mercury, 
much lefs affinity with fulphur than the other me- 
tals have, it follows that antimony may be decom- 
pofed by the f^$ m^ns as cinabar \ but the regu- 
* ^ lus 



156 EhtMEUtB of ihi 

lus fo obtained is aduhef sited With a portion of fli6 
additament made ufe of, which cambtntt thtfit* 
if^dth. 

There is ftill another procefs employed for o6p 
taining the regulus of antimony: it confifts^ m 
tras mentioned in its p]ace, in detonating the iniiie* 
ral with a tnixture of nitre and tartar, applied id 
fuch a proportion that, after the detonfldon hitf 
confumed the fulphur, there may remain fo much 
inflammable matter as will be fufflcient to furnifli 
the metalline earth of the antimohy with the phlo- 

;ifton necefTary to prcferve its metallic properties. 

iut by this method lefs tegulus i» produced, than 
by calcining, or torrefying, and reducing as ufual. 

Of tbt Ores of Bifmutb. 

Tnfi ore of Bifmuth confifts of the femi-metal 
mineralized by the arfenic, and of an unmetallic 
earth. It is very eafy to decompofe this ore, and 
to extraft the bifmuth it contains : for this pur- 
pofe it need only be expofed to a moderate heat, 
whereby the arfenic will be diflipated in vapours, 
and the bifmuth melted, which will then fcparate 
from the unmetallic earth. This earthy at Icaft 
in feveral ores of bifmuth, poflefles the property of 
tinging all vitrifiaUe matters with which it is melted 
of a beautiful blue colour. 

To decompofe the ore of bifmuth no flux or in- 
flammable matter is ufed 5 becaufe this femi-mctal 
is poflefled, even in its mineral ftate, of all the 
phlogifton requifite to maintain its metalline proper- 
ties; and its great fufibility makes it unneceflary to 
melt the metallic earth contained in its ore. 

Of the Ores 6f Zm. 

Zinc is not generally obtained from a' parricular 
ore of its own ; but fublinics during tbi fufion of a 
mineral, or rather a coilfufed mafe of minerals, 

that 
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that ccmcans this femi-metal together with iron, 
Clipper* kad, fiUphur, arfenic,. and, like all other 
<u«s, an unmetdlic wth. 

Ncvepthdcfs there is a fubftance which may be 
c<ai/ickred u the proper ore of zink, becauCe it 
contains a pretty large quantity of that iemi-metd, 
alitUe VKXii, ftiid an unmstallic cas!th« « It is called 
Calamine, or Lapis Calmmms .: bat hitherto the 
^art filf pnocutiqig zinpdtmB:ly from this fsriineral hath 
410 whore been prafttfrdt Calamine is commonly 
/employed only to mnyert copper into brafs or 
a yellow «ietal, b? pementkig it therewith. In- 
deed till lately ao eafy or prsu^able method of ob- 
taining fHJrc zinc fmm calamine, was publickly 
known ; for that &ml-metal being volatile and very 
iofiammable, its ove cannot be fu&d like others. Mr. 
Margraaf was Ac firft who, by mixing powdered 
chaocool with calamine in clofe vcflels, (Stained a 
^pcxkiSt zinc . fnom it, by the means of diftillation 
or fuhltmatioD, ^ (hall be ibewn in our Pradicalr 
.Chymiftry. 

Of Arfewal MneraU. 

ARfi£vic, aiwell as fulphur, is naturally com- 
bmed with almaft all ores, or minerals containing 
metallic fubilances* A& it is very volatile, while 
the matters with which it is united are fixed, at 
leaft in comparifdn tlvcrewkh, it is eafily ieparated by 
ftd[)limation. 

The minerals tbtt: cont^ moft arfenic atie the 
white pyrites, oipiment, and cobalt. We have al- 
tceadiy coofideicd the white pyrites : asto Orpimem:, 
it ecmfifla of fnlphuf :and ar^mic. Both theie fub- 
ibuaces being very volatile, it is difficult to feparate 
them by fublimation : yet, with proper manage- 
ment, and a dlle'reg^latioft of the. fire, this fqnra- 
don naay he cfiedcd; beo^fe fulphor fublimes a lit- 
tle more eafily lixaDjarfentc. But it is more conve- 
nient 
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nient, as well as more expeditious, to make ud of 
ibme additament that hath a greater affinity vtrith one 
of thofe fubftances than with the other. Fixed al- 
kalis and mercury, both of which have nK>re af- 
finity with fuiphur than with arfenic, may be very 
properly employed on this occafion. 

Cobalt is a mineral compofed of arlenic, an 
unmetallic earth, and Aiequently biihiuth : and as 
none of thefe are very volatile, es^cept. the arfenic, 
this may be eafily ieparated from the refl by Aibli- 
mation. The unmetallic earth which remains has^ 
like that of the ore of bifinuth, the property of 
giving a blue colour to any vitrifiable matten 
melted with it ; whence it is conjectured that cobalt 
/and the ore of bifmuth have a great refemblance^ or 
are often blended with each other. Neverthelefi 
Mr. Brant, an ingenious Swedifh Chymift, iniifb 
that they are very different : he pretends that the 
metallic fubftance contained in die true cobalt is 
a (emi-metal of a peculiar, nature, which hath been 
erroneoufly confounded with bifmuth:. and indeed 
he proves by a great number of curious experi- 
ments, related in the Memoirs of the Academy rf 
Upfal, that thefe two metallic fubftances have pro- 
perties that are eflcntially different : to that which is 
obtained from cobalt he gives the name of Regulus 
of Cobalt. 

Befides the minerals already recited, there is found 
in the bowels of the earth another fpecies of com- 
pound body, of which we have already taken notice ; 
but which is fuppofed, with fome degree of pro- 
bability, to belong as much to the vegetable as to 
the mineral kingdom : I mean the Bitumens ; 
which the beft obfervations oblige us to coniider 
as vegetable oils, that by lying long in the earth 
have contracted an union With the mineral acids, 
and by that means acquired the thicknefs, con- 
fillence, and other properties obfervable in them. 

By 
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By diftilladon they yield an oil, and an acid not 
unlike a mineral acid. Mr. Bourdelin has even de-^ 
xnonftrated, by a very artful and ingenious procefs, 
that amber contains a manifeft acid of fea-falt^ 
Sec the Memoirs of the Royal Academy of Sciences. 






CHAP. XVIL 

Explanation of the Table of Affinities. 

IT hath been fhewn in the courfe of this work 
that the caufes of almoft all the phenomena, 
which Chymiftry exhibits, are dcducible from the 
mutual affinities of diiferent fubftances, elpecially 
the fimpleft. Wc have already explained, (fee Chap. 
II.) what is meant by Affinities, and have laid down 
the principal laws to which the relations of dif- 
ferent bodies are fubjedt. The late Mr. Geoffiroy, 
one of the beft Chymifts we have had, being con- 
vinced of the advantages which all who cultivate 
Chymiftry would receive from having conftantly be- 
fore their eyes a ftate of the beft afcertained relations 
between the chief agents in Chymiftry, was the firft 
who undertook to reduce them into order, and 
unite them all in one point of view, by means of a 
table. We arc of opinion, with that great man, that 
this Table will be of confiderable ufc to fuch as are 
beginning to ftudy Chymiftry, in helping them to 
form a juft idea of the relations which different 
fubftances have with one another ; and that the 
pradical Chymift will thereby be enabled to account 
for what pafles in feveral of his operations otherwifc 
difficult to be underftood, as well as to judge what 
may be expedted to refult from mixtures of different 
compounds. Thefe rcafons have induced us to 

infcrc 
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infert it at the end of this ckmcfitary tmtlGty and t6 
^ve a (hort explanarion of it here; efpecially as ie 
will ferve, at the feme time, for a recapitulation of 
the whole work, in which the feveral axioms of this 
Tidjk are difperfed. 

You have it here juft as it was drawn up by Mr. 
Geoffroy, without any addition or dreratipn. I 
own, however, that it might be improved both 
ways ; for fince the death of that great Chymift 
many experiments have been made, fome of which 
have difcovered new affinities, and others have 
raifed exceptions to fome of thofe laid down by 
him. But feveral reafons difluade me from publilh- 
ing a new Table of Afiinities, containing all the 
einendations and innovations that might be oiade in 
the old cine. 

Thf firft is, that many of the aflBnities Iztmly 
difcovered arc not yet fufficiendy verified, but, 
on the contrary, fubjeit to be contefted : in ftiQrt, 
they are perhaps liable to more confiderable ob- 
jeftions and exceptions than the other. 

The fecbnd is, that as Mr. Gcoffroy'i iTablc con- 
tains all the fundamental affinities, it is mor« fuit- 
able to an Elementary Treatife than a miich fuller 
one would be ; feeing this would ntceffarily fuppofe 
the knbwledgp of many things not treated of % us, 
and of which it was not proper to fay any thing 
in fuch a book. 

However, as it is eflential to our purpofe that w« 
lead none into error, we fhall take care, in explain* 
ing the affinities delivered by GeolFroy, to mention 
the principal obje(5lions and exceptions tp which 
they are liable : we fhall moreover add a very few 
new ones, confining ourfelves to fuch only as ar^ 
elenfientary and well afcertained. 

The upper line of Mr, GeofFroy*s Tabic compre- 
hends feveral fubftances ufed in Chynfiiftry. Under 
each of thofe fubftances are ranged in di(Un6l: co- 
lumns 
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lumhs fcveral matters compared With thcmj in the 
order of their relation to that firft fubftance; fo_as 
that which is the neareft to it is that which hath the* 
greateft affinity with it, or that which none of ther 
fubftances (landing below it can feparate therefrom ; 
but which, on the contrary, feparates them all when ' 
they are combined with it, and expels them in or- 
der to join itfelf therewith. The fanie is to be un- ' 
derftood of that which occupies the fecond place of . 
affinity •, that is, it has the fame property with re* 
gard to all below it, yielding only to that which is ' 
above it : and fo of all the reft. 

. At the top of the firft column ftands the charac- ' 
ter which denotes an Acid in general. Immediately 
under this ftands the mark of a Fixed Alkali, being 
placed there as the fubftance which has the greatelt 
affinity with an Acid. After the Fixed Alkali ap- 
pears the Volatile Alkali, whofe affinity with Acids 
yields only to the Fixed Alkali. Next come the A b- 
forbent h arths ; and laft of all Metallic Subftances. 
Hence it follows that when a Fixed Alkali is united 
with an Acid it cannot be feparated therefrom by 
any other fubftance -, that a Volatile Alkali united 
with an Acid cannot be feparated from it' by any ; 
thing but a Fixed Alkali, that an Abforbent Earth " 
combined with an Acki may be feparated from it : 
either by a Fixed or by a Volatile Alkali; and * 
laftly, that any Metallic Subftance combined with 
an Acki may be feparated from it by a Fixed Al- 
kali, a Volatile Alkali, or an Abforbent Earth. 

There are many important remarks to be made 
ort this firft column. Firft, it is. making the rule 
too general to fay that any Acid Whatever has a 
greater affinity with a Fixed Alkali, than with any 
other fubftance ; and indeed Mi;. Geoffroy himfclf 
hath made an exception with f efpeft to the Vitriolic 
Acidj for in the fourth Column*, at the head of 
which ftands that Acid, we find the fign of the 
Vol, I. M Phlogifton 
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Ehlogifton placed above that of the Fixed Alkal?, 
as having a greater affimty than the Fixed' Alkatli 
with the Vitriolic Acid. 'This is founded on * the 
famous experiment, wherein Vitriolated Tiiitar' and" 
Glauber's Salt are decompounded by iheans of dHT 
Ehfogifton, which fcparates the Fixed Alkalis oT 
thefe Neutral Salts, and tinitins with the Vitriolic' 

cid contained in them fornis therewith a SqI- * 
phur. 

Secondly, Nitre deflagrates, and is decompofed, 
by the contadl of any innammablc matter tvhifeVer' 
that is adtually on fire \ ^nd the • operation ^hich ' 
produces Phofphofus is no 6ther tharl & dccotnpbfi- 
tion of fea-fait, whofe Acid quits its Alkaline ba- 
fi$ to join with the Phlogifton : now thefe faft^ fiii*- 
jiifti very ftrong reafbns for believing that' * both 
thefe Acids, as well as the Vitriolic, have- a ff fonger 
affinity with the Phlogiftbn than with a Fixed Al- 
kali. Laftly, as feveral experiments fhew the Ve- 
getable Acids to be only thfe Mineral Acids dif- 
guifed and mortified, there are fufficicAt grbtlmJs 
for fufjpefting that Acids in general hare a grtatSr ' 
affinity with the Phlogifton than with Fixed Alki- ' 
lia: fo that inftead of' making an exception with 
regard to the Vitriolic Acid, it would perhaps be" 
better to lay down this greiter affinity :^'c6mmcJn*" 
to all Acids whatever, and to place thfe 'Phtogitfont ' 
injthe firft column,' ihimediatclyiinder the "cHame- ' 
ter whkh denotes an Adid'in general. This theory,, 
however, ftands in need of confirmation from 6their 
experiments % *' • * ' 

• Mr. Margraaf, an able German Chymift, has made feveral 
expieriments which induce him tt5? 'Chink that the Atid-M' Phb'f- '' 
phorus is of a particular kind, and difierent front thttt of'feaP' 
fiilt. May it not be the Marine Add, but alteredrb^the union 
it has contracted tvrith the phlogifton ? Or may \t not be, witfr 
reiped to Phosphorus, whatt^e volatile fulphureouilpif it iiV 
with reiped to Sulphur ? See the Memoits of th^ Re/ai Aekde- 
aiyofScieneej of Berlin. r; •» * 

Thirdly, 
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Thirdly, in this fame ooluiijn the character of a: 
Volatile Alkali is. fet above, thai of an Abforbent, 
Earth, as having;.a greater affinity' with Acids ^ 
and yet thefc Abforbcnt Earths deconxpofe the Attir 
rrtoniacal falt$„ drive, away the Volatile AUcali: 
from the Acids, and aflqme its pla^e. . .This ;is,, one. 
t)f the.firft pbjedions made againft Mr. Geofirby*s 
Table- His aafwer thereto is printed in. the Me- 
moirs of the Academy of Sciences for 1 7 1 8, where i 
his Table alfo is to be foupd. We have already; 
declared out ot)inion about this itiatter in ti:eating:o£ 
a Volatile Alkali. 

F6urthly» in 1744, Mr, . G«of?rojr, brother to^ 
the- author qi the Table,, who hath dohe no lefe.hor 
hour- to Chyjfniftry thaa that eminent phyiician,. 
gave in a Men^oir containing at) exception to tKei 
lall affinity in' the firft column ; namely, that which ' 
places Ahforbent Earths above Mtdtallid Subflances. 
He therein fhews that Alum may, be.' Converted into i 
Copperas by boiling it in Iron veffels y thftt on ;this. » 
occaiion the Iron precipitates the EartHof the Alum, .' 
feparates it from its iV^^^t ^^ afrpmesits .place.; . 
fq that pf courfe it mull have a grfater! affinity, than ; 
the Abforbcnt Earth ot Alum, widi the Vitriolic 

Acid. \ 

« 

. At the head of the feqond column ftands the.cha-* < 
rafter of the Marine Acid, which fignifie$ that the: 
affinities of this Acid are the fubjqft of the column. 
Immediately below it is placed the . mark of rJTin; 
As this is a Metalline fubftance, and as the firftco-? 
lumn places Metalline fubftances in the loweft degree 
of affinity with all Acids, it is plain we muftiup- 1 
pofe Fixed Alkalis, Volatile Alkalis, and Ablbrbenc J 
Earths, to be placed here in order after the Marine 
Acid$, and before Tin. Tin, then, is of all Me-: . 
talline fubftances that which has the greateft affinity ' 
with the Marine Acid ; and then follow Rcgulus 
of Antimony, Copper, Silver, Mercury. Gold 
comes laft of all ; and there are no lefs than two 

M z vacant 



104 HrLEMEWlb VJ lUt 

vacant places above it. By this means it is in fom^ 
fort excluded from the rank of fubftanccs that Have 
an affinity with the Marine Acid. The realbn 
thereof is that this Acid alone is not capable of <3if- 
folving Gold and combining therewith, neceflarily 
requiring for that purpofc the aid of the Nitrous 
Acid, or at leaft of the Phlc^ifton. 

The third column exhibits the affinities of the 
Nitrous Acid, the charaftcr whereof ftands at its 
head. Immediately below it is the fign of Iron, as 
the metal which has the greateft affinity with this 
Acid; and then follow other metals, each accord- 
ing to the degree of its relation ; to wit. Copper, 
Lead, Mercury, and Silver. In this column, as 
in the preceding one, we muft fuppofe the fub- 
ftanccs, which in the firft column ftand above Me« 
tallic fubftances, to be placed in their proper order 
befpre Iron. 

The fourth column is intended to reprefent the 
affinities of the Vitriolic Acid. Here Mr. Geoffrey 
has placed the thlogifton as the fubftance which 
has die greateft affinity with this Acid, for the rea- 
fqn given in our explanation of the firft column. 
Below it he has ranked Fwced Alkalis, Volatile 
Alkalis, and Abforbent Earths, to fliew that this 
is an exception to the firft column. As to Metal- 
line fubftances, he has fet down but three, being 
thofe with which the Vitriolic Acid has the moft 
perceptible affinity : tl-iefe metals, placed in the or- 
der of their affinities, are Iron, Copper, and 
Silver, 

The fifth column fhews the affinities of Abforbent 
Eaaiths, As thefe Earths have no fenfible affinity 
but with Acids, this coliunn contains only the cha- 
rafters of the Acids ranked according to the degree 
of their ftrength, or affinity with the Earths j to 
wit, the Vitriolic, the Nitrous, and the Marine 

Acids* 
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Acids. Underneath this laft mighty be placed the 
Acid of Vinegar, or the Vegetable Acid. 

The fixth column exprefles the affinities of Fixed 
Alkalis with Acids, which are the fame with thofe 
of Abforbent Earths. Moreover, we find Sulphur 
placed here below all the Acids ; becaiife Liver 
of Sulphur, which is a combination of Sulphur with 
a Fixed Alkali, is aftiially decompounded by any 
Acid : for any Acid precipitates the Sulphur and 
unites with the Alkali. 

Immediately over the Sulphur, or in the fame 
fquare with it, might be fet a mark denoting the 
Volatile Sulphureous Spirit •, becaufe, like Sul- 
phur, it has lels affinity than any other Acid with 
Fixed Alkalis. Oils might alio be ranked with 
Sulphur, becaufe they unite with Fixed Alkalis, 
and therewith form Soaps whicji are decompounded 
by any Acid whatever. 

The feventh column points out the affinities of 
Volatile Alkalis, which are likewile the fame as 
thofe of Abforbent Earths ; and the Vegetable Acid 
might be placed here alfo under the Marine Acid, 

The eighth column fpecifies the affinities of Me- 
tallic fubftances with Acids. The affinities of the 
Acids, which with rcfpeft to Fixed Alkalis, Vola- 
tile Alkalis, and Abforbent Earths, fucceeded each 
other uniformly, do not appear in the fame order 
here. The Marine Acid, inftead of being placed 
below the Vitriolic and Nitrous Acids, ftands, on 
the contrary, at their head ; becaufe, in faft, this 
Acid fcparatts Metalline fubftances from all the 
other Acids with which they happen to be united, 
and forcing thefe Acids to quit pofleffion intrudes . 
into their place. Neverthclefs, this is not a general 
rule •, for fcveral Metalline fubftances muft be ex- 
cepted, particularly Iron and Copper. 

The ninth column declares the affinities of Sul- 
phur. Fixed Alkalis, lron,Copp£r, Lead, Silver, Re- 

M 3 gulus 
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gulus of Antimony, Mercury, and Gold, {land bfrr 
low it in the orde^: of their affinities. With regard 
to Gold it muft be obferved, thj^t it will not unite 
with pure Sulphur j it fuffers itfelf to be diilolvcd 
only by the Liver of Sulphur, which is known 
tp be a compofition of Sulphur and Fixed AiV^Hu 

At the head of the tenth column appears Mer- 
cury, and beneath it feveral JMetalUne lubftances, in 
the order of their affinities with it, Thofe Metal- 
line fubftances are Gold, Silver, Lead, Copper, 2^iiK, 
and Regulus of Antimony. 

It is proper to remark on tliis column that Re- 
gulus of Antimony, which ftands the loweft, 
unites but verj' imperfeftly with Mercury ; and that 
after'a feeming union of thefe two Metallic fub- 
ftances bath been obtained, by a tedious triture 
with the addition of water, they do not continue 
long united, but fpontaneoufly feparate frooi eac^i 
other in a fhort time. Iron and Tin are here exr 
eluded -, the former with .great reafon, becaufe hi- 
therto it hath not been clearly proved, by any known 
experiment, that ever Mercury was united with 
Ifon : but the famjc objeftion cannot be made to 
Tin, which amalgamates very well with Mercury, 
and might therefore be placed in this column nearly 
l^etween Lead and Copper. I ufe the word neartj^ 
becaufe the different degrees of affinity between lyTe- 
talline fubftances and Mercury are not fo exaftjy de- 
termined, as the other relations before cpnfideredj 
Teeing they generally unite with it, without tin- 
ducUng one another. V^e caii therefore fcarce 

t'udge of the degree of affinity that belongs to each, 
>ut by the greater or lefs readinefs of each to amalga- 
mate therewith. 

The eleventh column (hews that Lead has a greater 
f^ffinity with Silver than with Copper. 

The twelfth, that Copper has a greater affinity 
witl^ Mercury than w^th Calamine. 
^' ^ ^ ' ^ The 
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The thirteenth, that Silver has a greater affinity 
*with Lead than t^ith Copper. 

The fperteenth contains the affioities of Iron. 

jRegul^us pf Antimony, ftartds immediately under- 

.neath it, as being the Metallic lubftance. which h^ 

jthe greateft affinity . with it. Silver, Copper, and 

Juead arc placcji. together in the next Square below, 

b^aufe the degrees .of affinity, which thofe Metals 

have with Iron are not e3ca6kly determined. 

The fanje ?s . to, bc faid of the fifteenth column-: 
llegulus of. Antimony flands at its head ; Iron is 
immediately. below it.; and. below the Iron the 
fame three Metals occupy one fquare as before, 

Laftly, the fixi:ecnt;jbi..<;olunui indicates that Water 
has a greater affinity with Spirit of Wine than with 
Salts. By this gener^ exprefljon mul^ not be under- 
stood any Saline fubftance whatever; but only the 
J^eptral.Salt^, wj^icji Spirit pf Wine, frees from the 
water that kept them ,in folutipn. ^Fixed Alkalis, 
on the .contrary, as well as the Mineral Acids, 
have a greater affinity than Spirit of Wine with Wa* 
ter: fo that thefe Saline fubftances, being well dephleg- 
mated and mixed with Spirit , of Wine, imbibe the 
water it contains^ ac^ jreftijfyj?.. , , ... . » . 

To thefe might; b^ adc^cd another .fhgiEt column, 
having Spirit pf Wipp^t it3.he^.i, immediately her 
low it fhould "be the charader of Water, . apd below 
that the .mark <ff Qjh Thi3. cplama would (hew 
that Spirit of Wine ha^ ajgre^ter affinity, with Wa- 
ter than wFth Qils ; tecayfe.any Olly /matter what-r 
ever, that i^ diflbjved i^n %>irij; of Wiqe* may >be.ac* 
tually fcparate-d from it by tiie affiificin .of .Water. 
This rule, admits of no exceptipA^bPtJnjonccafe, 
which is when the oily fubftance partakes of the. na- 
ture of fo^^ bj/ Having^ coptraded. .an union., with 
JTome falihe matter. But as this mufk be imputed 
wholly to that adveq'titiou^ fajine matter Wog fuper» 
added to the oily fubftance, it is no juii foundation 

M 4 for 
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for an exception, and the affinity in queftion .is. ne^ 
verthclcfs general • 

• We have now delivered every thing material that 
we had to fay concerning Mr. GcofFroy's Tabic of 
Affinities. It is, as we obferved before, of ex- 
pecding gre^t fervice, as it colLfts into one view the 
principal truths laid down in this Treatife. In- 
deed the moft advantageous way of ufmg it is, not 
to delay confulting it till you have read the book 
through, bMt to turn to it while you are reading, as 
pft ^s any affinity between bodies is treated of ; 
which it will imprint more ftrongly on your mind, 
l^y reprefenting it in a manner before your eyes. 
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CHAP. XVIII. 

^ The Theory of Constructing 
' the Vessels mojl cotnmonl^ ufed 
in Chymistrv. 

CH Y M I S T S cannot perform the operation? 
of their art without the help of a conGdcrable 
liumber of veflels, inftrumcnts, and furnacesi, 
adapted to contain the bodies on which they intend 
to work, and to apply to them the feveral degree^ 
of heat required by diffi^rent proceflcs, It i$ 
therefore proper, before we advance to the operation? 
themfelves, to confider particularly and minutely 
what relates to the inftruments with which they 
are to be performed. 

Veflels intended for Chymical Operations fhouI4, 

'fp be perfeft, be able to bear, without breaking, 

|he fudden application of great heat and great cold \ 

}^ impenetrable to every thing, and unalterable by 

gny fqlvcnt \ unyitri^able, and capable of enduring 
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the moft violent fire without melting ■: but hi- 
therto no veffels have been found with all thefe 
qualities united. 

They, are made of fundry materials, namely, of 
metal, of glafs, and of earth. Metalline vcflels, 
cfpecially thofe made of Iron or Cbpper, are apt to 
be corroded by almoft every faline, oily, or even 
aqueous ftibftance. For this reafon, in order to 
render the ufe of them a little more extenfive, they 
are tinned on the infide. But, notwithftanding 
this precaution they are on many occafions not to 
be trufted ; and fhould never be employed in any 
nice operations which require great accuracy : 
they are, moreover, incapable of refitting the force 
of fire. 

Earthen veflels are of feveral forts. Some, that 
^re made of a refraftpry earth, are capable of being 
fuddenly expofed to a ftrong fire without break- 
ing, and even of fiiftaining a great degree of heat 
for a ponfid^rable time : but they generally fufier 
the vapours of the matters which they contain, as 
well as vitrified mejals, to pafs through them ; cfpe- 
cially the glafs pf lead, which eafily penetrates them, 
and runs through their pores as through a fieve. There 
are others made of inearth that when well baked looks 
as if it were half vitrified : Thefe being much lefs 
porous ar^ capable of retaining the vapours of the 
^matters which they contain, and even glafs of lead 
in fofion •, which is one of the levercft trials a veffel 
can be put to : bpt then they are more brittle thaa 
the other fort. 

Good glafs veflels (hpuld conft^ntly be employed 
in preference to all others, whenever they can pof- 
fibly be ufed : and that not only becaufe they are 
no way injured by the moft ^ftive folvents, nor fufFer 
any part of what they contain to pafs through, 
but alfo becaufe their tranfparency allows the Chy- 
njift to obferve what paflcs within .them j which }§ 

always 
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^-always b6th cnrr6us and lifeful. . But it is pity /that 
'vdRIs of this ' fort Ihould hot be abfe to endu/e 
a fierce fire without melting. We ftraU take care, 
*^hcn i*e come to dcfcribethe fevei^arfbrts of chj- 
mical irifthiments, and the manner of ufing* them, 
to rtoce what veflJils'are tx) 6e preferred to ot Hers m 
different occafions. 

Diftillation, *as hatTi 6eeh already fdd,^ is aft opc- 
ratron by which we fcparate fniin 'a body, by tKc 
hdp of a gradual heat, the (everal principles of 
^hich it confifts. , . . 

There are thrte 'methods of diftiifirfg, *rHe' firft 
is performed by applying the heat over Ae body 
'fclKife prihcipfe are to & extra^d. Iti this caie, 
as the liquors when heated and converted lAtO va- 
'jK>urs conftantly enaeavoiir io fly from the center 
of heat, they are forced to re-unire in the loWcr 
iwrt of the veflel that cbht^ifis the matter in diftillk- 
iioh, and fb pafiinjg through the pores or Holes of 
that veflel, they fall into another cold veflel ijipfied 
tindemeath to receive them. This way of diflilling 
i^ Oft this account called iTifl'illing J5>^r;^^/^^^^^ It 
rtquires no other apparattis than two Veffefs figure^ 
Itkc fegmerits cff . hollow fphercfe, vi^heredi 'that 
%hich is 'fSlerded v^rirh little holes, ind interideci to 
contain the matter to be diftilled, ought t6 i)e 
rtiuch fefs thin the other which is to contain the 
fire, and clofe its a^iture cxadfy ; the whole tcfgc- 
ther being fupported vertlcalfy upon a third veflel, 
Ifrhfch is to ferve the ]purpofe of a recipient, Sdriiit- 
ting into its mouth the convex bottortl of tlie veflei 
tontamilrig the matter to be diftijled, which muft 
*:curately fill it. This methbcl of ciiftillirtg is buV 
Httle ofed. 

The fecdrid method of diftillJng 5s peVforrhed fey 
applying the hfeat bhderrfeath the matter to be de- 
Compofed. Oh this occafion the liquors being 
Heated, rarefied, and converted itito Vapours; rife. 
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.^uid are condenfed: in a vfcflcl contrived for thatpur- 
pofe, which wclhallprefently defcribe. This way 
of diftilling is c^led Biftilling />^r afccnfum^ and is 
much iifed. 

The veffcl in which this diftiUation :fn nfim^ 
fum is performed we call an Alembic. 

There ape fcveral forts thereof ctiffering from one 
another both in the matter of which and ^the man- 
ner in which they are made. 

Thofe employed to draw the odoriferous wstfei% 
•wd e&ntial oils of plants are generally made of 
popper, and confift of fevcral pieces. The fii^fl:, 
.which is defigned to contain die plant, is fbrmed 
nearly like a hollow cone, the vertex whereof is 
drawn opt in the Ibape of a hojlpw cylinder or tube : 
this, part is n^tned the Cucurbit, and its tube thfe 
Neck of the alembic. To the i^per end of this 
tube another veflcl is foldcrcd : this is called the 
Head, and commonly has likewife the form of a 
cone^ joined to the neck of the alembic by its bafe, 
round whjch on the infideis hollowed a fmall groove 
communicating ^ith an orifice ttett opens at its moft ' 
depending pari;. To this orifice is foldered a fmall 
pipe in a dire^n (loping downwards, which is called 
the Nofe, Spout or Break of the alembic. 

As foon as the matters contained m the alem- 
bic grow hot, vapours begin to arife from tfiem, 
and afcending through the neck of the alenrbic into 
the head, are by the fides thereof flopped and con- 
denfed : from thence they trickie down in Kttle 
ftreams to the groove, which conveys them to the 
tpout ; and by that they pafe out of the alembic into 
a glafs veflcl with a long xicck, the end of the ipout 
being introduced into that neck and luted thereto. 

To facilitate the refrigeration and condenfation of 
the vapours circulating in the head, all alembics of 
metal are moreover provided with another piece, 
which is a kind of large pan of the fame metal. 
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fitted and (bldered round the head. This piece 
ferves to keep cold water in, which inccffantly <::ools 
the head, and therefore it is calltd the Refrigera- 
tory. The water in the refrigeratory itfelf grows 
hot after fome time, and muft therefore be chang- 
ed occafionally ; the heated water being firft 
drawn o(F by means of a cock fixed near the 
bottom of the refrigeratory, AH copper alem- 
bics fhould be tinned on the infide for the reafbns 
already given. 

When faline fpirits are to be diftilled, alembics of 
meul mud not be ufed ; becaufe the faline vapours 
woukl corrode them. In this cafe recourfe muft be 
bad to ialembics of glais. Thefe confift of two 
pieces only j namely, a cucurbit, whole fuperiour 
orifice is admitted into and exadly luted with its 
hesdy which is the iecond piece. 

In general, as alembics require that the vapours of 
^e matter to be diftilled fhould rife to a confiderable 
beig^th, they ought to be ufed only when the 
moft volatile principles are to be drawn from bodies: 
And the lighter and more vc^atile the fubftances to 
be (eparated by diftillation are, the taller muft the 
;ilembic be ; becaufe the moft ponderous parts, be- 
ing unable to rife above a certain heigh th^ fall back 
9gajn into the cucurbit as foon as they arrive 
there, leaving the lighter to mount alone, whole 
volatility qualifies them to afcend into the 
bead. 

When a matter is to be diftilled that requires a 
very tall alembic, and yet does not admit of a me- 
talline veflel, the .end will be beft anfwered 
by a glafs veffcl of a round or oval (hape, hav- 
ing a very long neck, with a fmall head fitted to 
its extremity. Such a veflel ferves many pur- 
pofcs : It is fometimes employed as a receiver, and 
at other times as a digefting veflel -, on which 
l^ft occafioi) it goes under the name of a Matrafs, 
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"When one of thefe provided with a head is ap- 
plied to the. purpofe of diftilliog, it fonns a fort 
o£ alembic. 

There are fqaie alembics of glafs, blown in fuch 
a manner, by the workmen, that the body and hc»d( 
fbrni but one .continued piece. As thefc alembics 
do. not ftand in need of having their feveral pieces 
luted together, they are very ufeful on fome occa- 
fions, when, fuch exceeding fubtile vapours rife as 
arc capable of tranfpiring through lutes. The 
head mud be open at the top, and provided with a 
(hbrt tube, through which t^ means of a ftrnnd 
with a long pipe, the matter to be diftiUed may. be 
introduced into the cucurbit. This is to be exadiy 
clofed with aglafs ftc^ple, thefurface whereof muft 
be made to fit the infide of thfe tube ih every point, 
by rubbing thofe^ two pieces well together with • 
crhery. , ■ 

Another fort of alembic hath alfo been inveiitedt 
which may be ufed with advantage when cohobaiijoo 
is required ; that is, when the liquor obtaxned -^ 
by diftillation is to be returned upon the matter in 
the cucurbit ; and efpecially when it is intended tjbar 
this cohobation fhall be repeated a great number of ^ 
times., The veflel we are fpeaking of is conilruficd 
exa(^ly in the fame manner as that laft diefcribed % 
except that its beak, inftead of being in a ilraight 
line as in the other alembics, forms a circular arch, 
and re-enters the cavity of the cucurbit, in order to • 
convey back again the liquor collected in. the head« 
This inftrumenthath commonly two beaks oppofite 
to each other, both turned in this manner, and is 
called a Pelican : It faves the artift the trouble of . 
frequendy unluting and reluting his veflels, as* well » 
as the lots of a great many vapours. 

There are certain fubftances which in diftillation ' 
afford matters in a concrete form, or rife wholly in ' 
th^ form of a very light powder, called Flowers. - 
i ^ \Vhea 



Whcn.fuch ftibftances are to bfe diftilled; thcf fcuctii^^ 
bitiwhich contains themis^covered^ witb a head \i^irh- 
out a nofe, which is named a Blind-head. 

Vfihm the . flowers r\k in great* quantities * and 
v^ hight a nomber-of heads iscmploytd to colleia * 
them*; .or rather a number of a kind of pOts, con^^ 
lifting^f a body only without any bottom, whrch St^ 
ting^ooettnto the other form a canal^^ that may be 
le^thened or Ibortened at pleafure, according^ as 
the flowers to be fublimed^re more or left volatile. 
T^e Jaft bf the : headd, which terminates the cair^al; 
isiquifis: cIoie> at one end^ and makes a true blind- 
heifcd." Thcfc-VeflelS' are called -Aludcls: they:ane 
ufuaU^r of earthen or done ware.' 

AIL the vcSth above mentioned * are fit "only fblr* 
diftHUngfuch light Volatile matters as^can be GscGIy 
ratfed^^and brought -over } fuch as^pHegmy effenial 
oils, fragrant waters, acid oily fpirits, volatile -al- 
li3]^4&c: But when the point is to procure by 
diftifiatJon ^principles that ar& ' much ' lefs volatile, 
aiidii incapable. of tiling- high^ fuch as the thitk 
fetid oibt the . vitriolic?, thd nitrous, and the marirtef ' 
acidfiy (^c. . we arc are under a ne<teflity of having : 
recourie to: other vcflels, and -another manner bf dxU 
tilling.; 

It tis cafy to imagine that fuch a vefH'muftbc* 
mndi: lower than the alembic. It is bdeed no mere 
th^n^ holbw dbbey whbfe upper pan degenferates * 
intoraineck or tjbey that is bent into a hdrizontal po- 
Utito^. for which' reafon this inftrument is callira a 
Reix^tr it is always of one finglepiec^e. 

The matter toibc' diftilled is introduced into thfe 
bclfyjc^ the retort -by means of a. ladle with a long . 
tuliDkriha,nk«' Then it is fet in a fiirnace built pur- 
pofcly for this ufe,'and fo that the neck of the retort ' 
coming out of the furnace may, like the nofe cf the 
alooibie^ fland in a (loping pofkion, to facilitate 
the< egrefs of-^-the liquors,^ which by its- means are 
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^ and with wfiichit|is. luted* ^ l^^s ^ay of d^ft^^ 
"^i-which t^^ feera r^h?i;7tq^)>a,di3y^ 

£ the veflel hprizont^lly anc^ laj^ally^^ tljar^ f aifedi 
«^ ana rub%?a,.is foi: t%reaio9^4kdpi^^^^^ 

^Hetbfts art, bf al! the, milrunieat$ of,diO«iQn».- 
thofe^that mult fuftam, the grgatdx^,.heat,; ^x\A^x^A;^ 
tfje iffron|cfj^'toIw^^ xlji^c^c} , tl^ /n«(lWi 

bie'^ mati^ 'of ntetal. SQm<?. liowsv£t,. whicliiami 
xtiade or iron may do well enou^ on cert^.p4ca-v. 
fi^nsj the reft a^e,?ijher- ^of #^,w ^^x^, 'Tbofc 
^l^^^r^v/or ihe.reafo aW3myep,,ais pi^^rabfe. 



kctorts," as 'well as aletBbjcSj^'nujrfJbei.pyi'^Rotj. 
forms . Fpr ex.a^ple,, fome.;o^t5^rs,3m;j5,^ft).^^^ 
and nle over the.neck ofi.thg^jretortj.jn, fufe^^jiCc,, 
withput,.fu%ring;anv decflr^ 
matters are to be diftijlpd.in a .retort^, it ji« ^prjjpeE^ 
that the body of the veliel^jnli^d at ^eing;^!|^qUt, . 
*'*^',*?'?^S,<!"t^"^^'^? /mof a p^^' fojas/>gjjrljF;. 
torefeWble that of ,a pcvirWy; Tp,4.retf}F%^^hi«,: 
^'"H? the diftance, between Ifie,|3Qtfp9}(anfIjthftoeflfc,. 
being much greater than jn.tKofe.wliofe- boiim.jire , 
fpheridal, ilie .matters coo,talne4 iiavq mi^h- mora.-, 
room fbr'expanfioh; .fo that jlie inconv^Qie^^Q} bene..i 
mentioned is tliereby preyedte^-^^ K.ett^gfjj-qf ,this ,t 
form are called EngliUi' retorts r^ as. they^hold, thaj 
miadle place between. ^embics, 'and ^Smmstmi^u. 
th^ may be ufed to Ml ruclft,inay£j?s,.^s. ,haye>a .i 
mean degre? of yoa|til«y betweq^,£he.gre^tMr»nd...i 
thcleatt. • ■ •• " .» -^ . _ 
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4 It is moreover proper to have in a laboratory fun- 
dry retorts with necks of different diameters. NVidc 
necks will be found the fitteft for conveying thick 
matters, and fuch as readily become fixed ; for in- 
ftance, fome very thick fetid oils, butter of antimo- 
ny, tf f . for as thefe matters acquire 9 . confiftcnce 
as loon as they are out of the reach of a certain de- 
gree of heat, they would foon choak up a narrow 
neck, and by flopping the vapour^ which rife at 
the fame time from the retort, might, occafion tht 
burfting of the veffels. 

t borne retorts are alfo made with an opening on 
their upper fide, like that of tubulated glafs alem- 
bics, which is to be clofed in the fanfie manner with 
a- glafs (topple. Thefe retorts are alfo called tubu- 
lated retorts and ought always to he ufed whenever 
it is'^neceflary to introduce frefli matter intq the re- 
tort during the operation ; feeing it may be done 
by means of this invention, without unluting and 
reluting the veffels -, which ought always to be 
avoided as much as pofiible* 

One of the things that moft perplexes the Chy- 
mifts, is the prodigioas elaflicity of many different 
vapours, which are frequently difcharged with im- 
petuofity during the diftillation, and are even capa- 
ble of burfting the veflels with explofibn, and with 
danger to the artift. On fuch occafions it is abfo- 
lutely neceflary to give thefe vapours vent, as we 
fliall direfl: in its proper place : but as that can ne- 
ver be done without lofing a great many of them 5 
as fome of them in particular are lb elaftic that 
|carce any at all would remain in the veffel 5 for 
inftance, thofe of the fpirit of nitre, and efpecially 
thofe of the fmoking fpirit of fait -, the praiHce fe 
to make ufe of very large receivers, of about eighteen 
or twenty inches diameter, that the vapours may 
have fufficicnt room to circulate in, and by apply- 
ing to the wide furface prefentcd them by the exten- 

five 



Theohy of CHVMisrky. 177 

five infide of fuch a large veflel, may be condenfed 
into diopis. Thefe huge receivers are commonly in 
the form of hollow globes, and are called Ballons. 

To give thefe vapours ilill more room, ballons 
have been contrived with two open gullets in each, 
diametrically oppofite to one another 1 whereof one 
admits the neck of the retort, and the other is re- 
ceived by one of the gullets of a fecond ballon of 
the fame form, which is joined in like manner to 
a third, and fo on. By this artifice the fpace may 
be enlarged at pleafure. Thefe ballons with two 
necks are called Adopters. 

Operations on bodies that are abfolutely fixed, 
as mctalsj ftones, fand, fc?r. require only fuch 
veflels as are capable of containing thbfe bodies 
and refifting the force of fire.- Thefe veflels are 
little hollow pots, of diflferent dimenfions, which 
are called Crucibles. Crucibles can hardly be made 
of any thing but earth ; they ought to have a cover 
of the fame material fitted to fhut them clofe.. The 
beft earth we know is that whereof thofe pots are 
made in which butter is brought from Bretagne : 
thefe pots themfelves are exceeding good crucibles ; 
arid they are almoft the only ones that are capable of 
holding glafs of lead in.fiifion, without being pe- 
netrated by it. 

Eor the roafting of ores, that is, freeing them 
by the help of fire from their fulphureous and arfe- 
nicd partSj little cups made of the fame material 
with crucibles are ufed ; but they are made flat, 
fliallow, and wider above than below, that thefe v()- 
latile matters may the more frieely exhale. Thcte 
veflels are called Tefts, or Scorifiers : they arc 
fcarce ever ufed but in the Docimafl:ic art, that is, in 
making fmall Aflays of ores. 

Vol, I. N CHAP. 
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CHAP. XIX. 

TAe Theory of Constructing /itf 
Furnaces mofi commonly ufed in 
Chymistry. 

SKILL in condudUng and applying fire pro- 
perly, and determining its different degrees, is 
of very great confequence to the fuccefs of Chymical 
operations. 

As it is exceeding difficult to govern and mode- 
rate the aftion of fire, when the veflels in which any 
operation is performed are immediately expofcd tp 
it, Chymifts have contrived to convey heat to their 
veflels, in nice operations, through different me- 
diums, which they place occafionally between thofe 
veflels and the fire. 

Thofe intermediate fubftances in which they 
plunge their velftls are called Baths. They are 
cither fluid or folid : the fluid baths are water or its 
vapours. When the diftilling veflel is fet in water, 
the bath is called Balnmm maria^ or the Wafer- 
hath ; and the greatefl: degree of heat of which it 
is fufceptible is that of boiling water. When the 
velfel is expofed only to the vapours which exhale 
from water, this forms the Vapour-batb ; the heat 
of which is nearly the fame with that of the Balneum 
marU. Thefe baths are ufeful for diililling clTential 
oils, ardent fpirits, fweet-fcented waters ; in a 
word, all fuch fubftances as cannot bear a greater 
heat without prejudice either to their odour, or to 
fome of their other qualities. 

& 5 Baths 
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Baths may alfo be made of any other fluids, 
fuch as oils, mercury, ^c. which are capable of 
receiving and communicating much more heat; 
but they are very feldom uied. When a more con* 
flderable degree of heat is required, a bath is pre- 
pared of any folid matter reduced to a fine powder; 
fuch as fand, afhes, filings of iron, fePr. The heat 
of thefe baths may be pufhed fo far as to make the 
bottom of the vefliel become faintly red. By plung* 
-ing a thermometer into the bath, by the fide of the 
Veflcl, it is eafy to obferve the precife degree of 
heat applied to the fubftance on ^hich you arc 
working. It i3 neceflary that the thermometers 
employed on this, occafion be conftru6lcd on good 
principles, . and fo contrived as to be eafily compared 
with thofe.of the moft celebrated natural philofo- 
phcrs. Thofc of the illuftrious "Reaumur are moft 
ufed and beft known, fo that it would not be amifs 
to give them the preference. . When a greater he^t 
is required than any of thofe baths can give, the 
veflels muft be fet immediately on live coals, or in 
a flaming fire : thia is called working with a naked 
. fire •, and in this cafe it is much more difficult than 
in the othfcr to determine the degrees of heat. 

There are feveral ways of applying a naked fire. 
. "When the heat or flame is reflefted upon the upper 
part of the veflfel which is expofed to the fire, this 
is called a Reverberated heat. A Melting heat is that 
which is ftrong enough to fufe moft bodies. A^ 
Forging heat is that of a fire which is forcibly excited 
by the conftant blaft of a pair of bellows, or more» 
There is alfo another fort of fire which fervc* 
very commodioufly for many operations, becaufe it 
does not require to be fed or frequently mended : 
this is afEDrdcd by a lamp with one or more 
wicks, and may be called a Lamp-heat. Itjs 
fcarce ever employed but to heat baths, in opera- 
tions which tequifc a gentle and long continued 
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warmth : if it hath any fault, it is that df growid 
gradually hotter. 

All thcfe different ways of applying fire reqnii 
furnaces of different conllrudions : we fhall there- 
fore defcribe fuch as are of principal and moft oe- 
ceflary ufc. 

Furnaces muft be divided into different parts er 
dories, each of which has its particular ufe aad 
name. 

The lower part of the furnace clefigned for re- 
ceiving the afhes, and giving paffage to the air, is 
called the a(h-hole. The a(h-hole is terniinatnl 
above by a grate, the ufe of which is to fupport the 
coals and wood, which are to be burnt thereoo : 
this part is called the fire-place. The fire-place is 
in like manner terminated above by i^veral ifoq ' 
bars, which lie quite a-crofs it from right to >]efr, in 
lines parallel to each other : the ufe of thei^ bars is 
to fuftain the vefTels in which the operations are to be 
performed. The Ipace above thde bars to the top 
of the furnace is the upper ftory, and may be called 
the laboratory of the fiirnace. Laftly, feme fur- 
iiaces are quite covered above, by means of a kind 
of vaulted roof called the dome. 

Furnaces have moreover feveral apertwes : one of 
thefe is at the a(h-hole, which gives paffage to the air, 
and through which the afhes that fall through the grate 
are raked out; this aperture is called the afh-hole door: 
another is at the fire place, through which the fire 
is fupplied with fewel, as occafion requires ; this is 
called the mouth or door of the fire place, or the 
ftoke-hole : there is a third in the upper flory, 
through which the neck t)f the veffel paffcs ; and a 
fourth in the dome for carrying off the fuliginofitics 
of combuftible matters, which is called the chim- 
ney. ' 

To conclude, there are feveral other qxnings 
in the feveral parts of the furnace, the ufc whereof 

is 
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to admit the air into thofe places, and alio, as 
they can be eafily fhut, to incite or flacken the 
I adlivity of the fire, and fo to regulate it ; which has 
procurcd them the title of regifters. All the other 
f openings of the furnace Ihould be made to Ihut 
very ciofe, the better to affift in goyerning the fire ; 
by which means they likewife do the office of 
regifters. 

In order to our forming a juft and general idea of 
the conftruftion of furnaces, and of the dilpofition 
of the feveral apertures in them, with a view to in- 
creaie or diminifh the adivity of the fire, it will be 
proper to lay down, as our ground-work, cer- 
tain principles of natural philofophy, the truth of 
which is demonft rated by experience. 

And firft, every body knows that combuftible 
matters will not burn or confume unlefs they have a 
free communication with the air -, inibmuch that* 
if they be deprived thereof,, even when burning 
moft rapidly, they will be extinguifhed at once : that 
confequently combuftion is greatly promoted by the 
frequent acceflion of frelh air, and that a ftream of 
air, direfted fo as to pafs with impetuofity through 
. burning fewel, excites the fire to the greatcft pofli- 
ble adtivity. 

Secondly, it is certain that the air which touches or 
comes near ignited .bodies is heated, rarefied, and 
rendered lighter than the air about it, that is, further 
dijftant from the center of heat ; and confequently 
that this sdr fo heated and become lighter is necefia- 
rily determined thereby to afcend and mount aloft, 
in order to make room for that which is lefs heated 
and not fo light, which by its weight and claf- 
ticity tends to occupy the place quitted by the ctl er. 
Another confequence hereof is, that if fire be kind- 
kd in a place enclofed every where but above and 
below, a current of air will be formed in that place, 
lunning in a direction from the bottom to the top ; 
ft) thw if any light bodies be applied to the opening 

N 3 below 



i82 Elements of the 

below, they will be carried up towards xh 
fire i but, on the contrary, if they be held at tfae 
lining aboit, they will^ be impelled by a fbire 
which will drive them up and carry them away 
from the fire. 

Thirdly and laftly, it is a truth demonflirated in 
hydraulics that the velocity of a given quantity of 
any fluid, determined to flow in any diredtion what-' 
ever, is fo much the greater the narrower the chan* 
nel is to which that fluid is confined -, and con£- 
quently that the velocity of a fluid will be increafed 
by making it run from a wider through a narrower 
pafTage. 

Thefe principles being eftablilhed, it is caly to 
apply them to the conftrudion of furnaces. Firft, 
if a fire be< kindled in the fire-place of a furnace, 
which is open on all fides, it burns nearly as if it 
were in the open air. It has with the furrounding 
air a free communication ; fb that freih air is conti- 
nually admitted to facilitate the entire combuflion 
of the inflammable matters employed as feweh But 
there being nothing to determine that air to pais 
with rapidity through the fire in this cafe, it doe^ 
not at all augment the adivity thereof, but fuflfers \% 
to wafte away quiedy, 

Secondly, if the afh-hole or dome of a furnace in 
which a fire is burning be ihut quite clofe, then 
there is no longer any free communication between 
the air and the fire : if the afh-hole be ihut, the air 
is debarred from having free acceis to the fire ; if 
the dome be ftopt, the egrefs of the air rarefied by the 
*fire is prevented ; and confequentiy the fire muft in 
either cafe burn very iaindy and flqwly, gradually 
die away, and at lafi: go quite out. 

Thirdly, if all the openings of the furnace be 
wholly clofed, it is evident that the fire will be very 
quickly extinguilhcd. 

Fourthly, 
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Fourthly, if only the lateral openings of the fire- 
place be fhut, leaving the afli-hole and upper part 
of* the furnace open ; it is plain that the air 
entering by the afti-hole will neceflarily be deter- 
mined to go out at top, and that confequcntly a 
current of air will be formed, which will pafsl 
through the fire and make it burn brifkly and vi- 
goroufly. 

Fifthly, if both the afli-hole and the upper ftory 
of the furnace be of fome length, and form canals 
either cylindric or prifmatic, then the air being 
kept in the fame direftion through a longer fpace, 
the courfe of its ftream ^ill be both ftrbnger and 
better determined, and confequently the fife will be 
more animated by it. 

Sixthly and laftly, if the a(h-hole and the upper 
part of the furnace, inftead of being cylindric or prif- 
matic canals, have the form of truncated cones or 
pyramids, ftanding on their bafes, and fo ordered 
that the upper opening of the alh-hole, adjoining 
to the fire-pbce, may be wider than the bafe of the / 
fuperiour cone or pyramid, then the ftream of air, 
being forced to pafs inceflantly from a larger 
channel through a fmaller, muft be confiderably ac- 
celerated, and procure to the fire the greatcft ac- 
tivity which it can receive from the make of a 
furnace. 

The materials fitteft for building furnaces are, 
I. Bricks, joined together with potters clay mix- 
ed with fand and nwiftened with water. 2. Pot- 
ters clay mingled with potflierds, moiftened with 
water, and baked in a violent fire. 3. Iron ; of 
which all furnaces may be made, with this precau- 
tion, that the infide be provided with a great many 
prominent points, as faftenings for a coat of earth, 
with which the internal parts of the furnace muft ne- 
ceflarily be covered to defend it from the aftion of 
the fire. . 

JSr 4 The 
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The reverberating furnace is one of tbofe that are 
mod employed in Chymiftry : it is proper for diftilla- 
tions by the retort, and fhould be conltrudted in the 
following manner. 

Firft, the ufe of the aih-hole being, as was laid, 
€0 give pailage to the air and to receive the afhes, 
no bad confequence can attend its being made pretty 
high : it may have from twelve to twenty or 
twenty-four inches in heighth. Its aperture (hould 
be wide enough to admit billets of wood when a 
great fire is to be made. 

Secondly, the afii-hole muft be terminated at 
its upper part by an iron grate, the bars of which 
ihould be very fubftantial, that they may refift the 
a£tion of the fire : this grate is the bottom of the 
fire-place, and deftined to fupport the coals. In the 
lateral part of the fire-place, and nearly about the 
fame heighth with the grate, there fhould be a hole 
of fuch a fize that it may eafily admit charcoal, as well 
as little tongs and fhovels for managing the fire. 
This aperture or mouth of the fire-place fhould be 
perpendicularly over the mouth of the afh-hole. 

Thirdly, from fix to eight or ten inches high 
above the grate over the a(h-hole,little aperture^ mufl 
be made in the walls of the furnace, of eight or ten 
lines in diameter, an inch from one another, and 
thofe in one fide mufl be diametrically oppofite to 
thofe in the other. The ufe of thefe holes is to re- 
ceive bars of iron for the retort to refl on ; which 
fhould be, as I faid, at different heighths, in order to 
accommodate retorts of different fizes. At the up- 
per extremity of this part of the furnace, which 
reaches from the iron bars to the top, the heighth 
whereof fhould be fomewhat Icfs than the width of 
the furnace, mufl he cut a femi- circular aperture 
for the neck of the retort to come through- This 
hole muft by no means be over the doors of the fire- 
place and ^fh-hole •, for then, as it gives pafTag? to the 

neck 
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neck of the retort, it muft of courfe be oppofite to 
the receiver, and in that cafe the receiver itfelf 
would ftand over againfl thofe two apertures ; which 
would be attended with this double inconvenience, 
that the receiver would not only grow very hot, 
but greatly embarrafs the operator, whofe free ac- 
cefs to the fire-place and afh-hole would be thereby 
obftrufted. It is proper therefore that the lemi-circu* 
lar cut we are fpeaking^ of be fo placed that when 
the greateil ballons are luted to the retort they may 
leave an open paflQ^e to the fire*place and aih-hole, 
• Fourthly, in order to cover in the laboratory of 
the reverberating furnace, there muft be a roof 
made for it in the form of a cupola, or concave 
bemiiphere, having the fame diameter as the fur* 
nace. This dome fliould have a lemicircular cut 
jn its rim anfwering to that above-direded to be 
made in the upper extremity of the furnace, fo that, 
when adjufted to each other, the two together may 
form a circular hole for the neck of » the retort to 
pafs through. At the top of this dome there muft 
alfo be* a circular hole of three or four inches diame- 
ter, carrying a ihort tapering funnel of the fame 
diameter, and three inches high, which will fervc 
for a chimney to carry off all fuliginofides, and acce- 
lerate the current of the air. This pafiage may be 
Ihut at pleafure with a flat cover. Moreover, as it 
is necei&ry that the dome fhould be taken oflF and 
put on with eafe, it Ihould have two ears or handles 
for that purpoie : a portative or moveable furnace 
ihould alfo have a pair of handles fixed oppofite 
to each other between the afh-hole and the fire- 
place. 

Sixthly and laftly, a conical canal muft be pro- 
vided of about three foot long, and fufBciendy wide 
at its lower end to admit the funnel of the aperture at 
the top of the doipe. This conical tube is to be ap- 
plied 10 the dome when the fire i§ required to be 

extremely 
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extremely aftivc : it tapftfs gradimUy from itft 
baft upwxrdS) and breaks oflf as if truncated at top^ 
where it fhould be about two inches tf^ide. 

BeJBdes the apertures already mentioned as neceA 
fity to a reverberating furnace, there muft alfo be 
mtny other fmaller holes made in its a(h*hole, fire- 
place, laboratory, and dome, which muft all be fo 
contrived as to be eafily opened and ihut With (top* 
])fes of earth : thefe holeis are the regifters of the 
lumaee, and ferve to regulate the aftivity of the 
fire aocor(Ung to the principles before laid down. 

When the adion of the fire \% required to be 
tXft£Uy uniform and very brilk, it is necdiary to ftc^ 
carefully with moift earth all the Iktle chinks in the 
jundure of the dome with the furnace, between the 
heek of die retort and the circukr hole through 
which it paflfes, and which it never fills exaftly, and 
laftly, the holes which receive the iron bars that 
fuftain the retort. 

It is proper to have irt a laboratory feveral rever- 
berating furnaces of different magnitudes ; becaufe 
dicy muft be proportioned to the fize of the retorts 
employed. 1 he retort ought to fill the flirnace, fo 
9ts to leave only the diftance of an inch between it 
«lid the infide of the furnace. 

Yet when the retort is to be expofed to a moft 
Violent fire, and efpecially when it is required that 
iJie heat fhall aft with equal force 6n all parts of the 
#brnace, and as flrongly on its vault as on its bot- 
tom, a greater diftance muft be left between the re- 
tort and the infide of the furnace ; for then the 
furnace may be filled with coals, even to the upper 
part of the dome. If moreover fome pieces of wood 
be pot into the afii-hole, the conical canal fitted on 
to the funnel of the dome, and all the apertures of 
the furnace exaftly cloied, except the alh-holc and 
the chimney, the greateft heat will then be excited 
that this fiirnace can produce* 

The 
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The furnace now defcribcd may alfo be tmploftd 
in many other chymical operations. If the domt 
be laid afide, an alembic may very well be placed 
therein : but then the fpace, which will be left be- 
tween the body of the jdembic, and the top of the 
upper part of the furnace, muft be carefully filled up 
with Windfor-loam moiftencd ; for without that 
precaution the heat would foon reach the very head^ 
which ought to be kept as coc^ as poffible, in order 
to promote the condenfation of the vapours^ 
On this occafion therefore it will be proper to leave 
no holes open in the fire-place, but the lateral ones | 
of which dib thoie overagainft the receiver muilbe 
flopped. 

A pot or broad-brimmed earthen pan may be 
placed over this furnace, and being {0 fitted to it as 
to clofe the upper part thereof accurately, and filled 
with fand^ may ferve for a fand-heat to diftill 
with. 

The bars defigned to fupport diftilling vtBdi 
being taken out, a crucible may ftand therein, and 
many operations be performed that do not requirtt 
the utmoft violence of fire. In a wwd, this furnace 
IS one of the mod commodious that can be, and 
more extenfively ufeful than any other. 

The melting furnace is defigned fot applying the 
greatcft force of heat to the moft fixed bodies, iuch 
as metals and earths. It is never employed in dif-* 
tilling: it is of no ufe but for calcination and fu* 
fion ; and confequently need not admit any veflels 
but crucibles. 

The afh-hole of this furnace differs from that of 
the reverberating furnace only in this, that it muft 
be higher, in order to raife the fire-place to a level with 
the artifl's hand ; becaufe in that all the operations 
pf this furnace are performed. The afh-hole there- 
fore muft be about three foot high : and this heighth 
procures it moreover the advantage of a good 

draught 
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draught of air. For the fame reafon, and in con- 
iequence of |the principles we laid down, it (hould be 
ib butlt thai its width leflening infeniibly from the 
bottom to the top, it may be narrower where it 
opens into the fire-place than any where below. 

The afli-hole is terminated at its upper end, like 
that of the reverberating furnace, by a grate which 
lerves for the bottom of the fire-place, and ought to 
be very fubftantial that it may refill the violence of 
the fire. The infide of this furnace is commonly an 
elliptic curve ; becaufe it is demonftrated by mathe- 
maticians that furfaces having that curvature re- 
fled the rays of the fun, or of fire, in fuch a manner 
that meeting in a point, or a line, they produce there 
a violent heat. But to anfwer this purpofe thofe 
iiirfaces muft be finely polilhed -, an advantage 
hardly procurable to the internal furface of this fur- 
nace, which can be made of nothing but earth : 
befides, if it were poflible to give it a polifh, the 
violent aftion of the fire that muft be employed 
in this furnace would preiently deftroy it. Yet 
the elliptical figure muft not be entirely dilre- 
garded : for, if care be taken to keep the internal 
furface of the furnace as fmooth as poilible, it will 
certainly refled the heat pretty ftrongly, and colled 
it about the center. 

The fire place of this furnace ought to have but 
four apertures. 

^ Firft, that of the lower grate, which communi- 
cates with the afh-hole. 

Secondly, a door in its fore-fide, through which 
inay be introduced coals, crucibles, and tongs for 
managing them : this aperture Ihould be made to 
Ihut exaftly with a plate of iron, having its infide 
coated with earth, and turning on two hinges fixed 
to i he furnace. 

Thirdly, over this door a hole flanting down- 
wards towarc$ the place where the crucible is to 

ftand, 
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ftand. The ufc of this hole is to give the operator 
an opportunity of examining the condition of the 
matters contained in his crucible, without opening 
the door of the fire-place : this hole Ihould be made 
to open and fhut eafily, by means of a ftopple of 
earth. 

Fourthly, a circular aperture of about three inches 
wide in the upper part or vault of the furnace, 
which fhould gradually leilen and terminate, like 
that of the dome of the reverberating furnace, in g 
Ihort conical funnel of about three inches long, and 
fitted to enter the conical pipe before defcribed, 
which is applied when the aftivity of the fire k to 
be increafcd. 

When this furnace is to be ufed, and a crucible to 
be placed in it, care mud be taken to (et on the 
grate a cake of baked earth Ibmewhat broader than 
the foot of the crucible. The ufe of this ftand is 
to fupporc the crucible, and raife it above the 
grate, for which purpofe it ihould be two inches 
thick. Were it not for this precaution the bottom 
of the crucible, which would ftand immediately on 
the grate, could never be thoroughly heated, be- 
caufe it would be always expofed to the ftream of 
cold air which enters by the afh-hole. Care ihould 
aMb be taken to heat this earthen bottom led-hoc 
before it be placed in the fur;iace, in order to free it 
from any humidity, which might othcrwife happen 
to be driven againft the crucible during the opera* 
tion, and occafion its breaking. 

We omitted to take notice in fpeaking of the 
aih-hole that, befides its door, it ihould have about 
the middle of its heighth a fmall hole, capable of re- 
ceiving the hofel of a good perpetual bellows^ 
which is to be introduced into it and worked, after 
the door is exadtly fiiut, when tc is thought 

proper 
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prf^r to excite the a&ivity of the fire to th^ 
ucmoll violence. 

The forge is only a mafs of bricks of about three 
foot high, along whofe upper furface is directed the 
nofe or pipe of a pair of large perpetual bellows, fa 
placed that the operator may eafily blow the fire 
ivith one hand. The coals are laid on the hearth of* 
the forge near the noie of the bellows ; they are 
confined, if neceffary, to prevent their being car- 
ried away by the wind oi the bellows, within a 
fpace inclofed by bricks ^ and then by pulling the 
bellows the fire is continually kept up in its greateft 
adlivity. The forge is of ufe when there is occafion 
to apply a great degree of heat fuddenly to any 
fubftance, or when it is necefiary that the operator 
be at liberty to handle frequently the matters which 
he propoies to fufe or calcine. 

The cupelling furnace is that in which gold and 
iilver are purified, by the means of lead, from all al- 
loy of other metallic fubftances. This furnace muft 
give a heat ftrong enough to vitrify lead, and there- 
with all the alloy which the perfeA metals may 
contain. This furnace is to be built in the follow- 
ing manner. 

Firft, of thick iron-plates, or of fomc fuch com- 
pofition of earth as we recommended for the 
conftrudtion of furnaces, muft be formed a hol- 
low quadrangular prifm whoie fides may be about 
a foot broad, and from ten to eleven inches high ; 
and extending from thence upwards may converge 
towards the top, lb as to form a pyramid truncated 
at the heighth of feven or eight inches, and termi- 
nated by an aperture of the width of feven or eight 
inches every way. The lower part of the prifm is 
terminated and clofed by a plate of the fame mate- 
rials of which the furnace is conftruAed. 

Secondly, in the fore-fide or front of this prifm 
there is an opening of three or four inches in heighth 

by 
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by five or fix inches in breadth: this openings 
which fliQuld be very near the bottom, is the doof 
of the ^/h-hole. Immediately over this opening is 
placed an irQn grate> the bars of which are qua- 
drangular pryfn^s of half an inch Iquarc, laid par« 
rallel tO; each other; and about eight or nine inches 
afunder, wd fo diipofed that two of their angles zxt 
laterally oppofite, the two others looking one di^ 
t^BXj upwards and the other downwards. As in 
this fituation the bars of the grate prefent to the 
fire-place very oblique furfaces, the aihes and very 
fmall coals do not accumulate between them, or 
hinder the free entrance of the air from the afh* 
hole. This grate terminates the afli-hole at its 
upper part, and ferves for the bottXHn of the fire* 
place, ( 

Thirdly, three inches, or three and i half, above 
the grate, there is in the fore-fide of the furnace 
another opening terminated by an arch for its upper 
part, which confcquently has the figure of a femi- 
circle : it ought to be four inches wide at bottom ^ 
and three inches and an half high at its middle. 
This opening is the door of the fire place •, yet it is 
not intended for the fame u(es as the door of the fire- 
plaCQ in otheY furnaces : the purpofe for which it is 
a&ually deftined (hall be explained when we come 
to Ihew how the furnace is to be ufcd. An inch 
above the door of the fire-place, ftill in the forefide 
of the furnace, are two holes of about an inch dia- 
meter, and' at the diftance of three inches and a 
half from each other, to which anfwer two other 
holes of the fame fize, made in the hinder part, 
direftly. oppofite to thefe. There is moreover 
a fifth hole of the fame width about an inch above 
the door of the fire-place. The dcfign of all thefe 
holes Ihall be explained when we defcribe the man^ 
ner in which thefe furnaces are to be ufed. 

Fourthly, * 
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Fourthly, the fore-part of the furnace is boufld 
by three iron braces, one of which is fixed juft be* 
low the door of the afli-hole ; the lecond occupies 
the whole fpace between the afhhole door and the 
door of the fire-place^ and has two holes in it, 
•nfwering to thoie which we direfted to be made in 
the furnace itfelf about this place ; and the third is 
placed imn)ediately over the door of the fire-place. 
Theie braces muft extend from one corner of the 
front of the furnace to the other, and be faftened 
thereto with iron pins, in iuch a manner that their 
fides nekt to the doors may not lie quite clofe to the 
body of the furnace, but form a kind of grooves 
for the iron plates to Aide in, that are defigned to 
jhut the two doors of the furnace when it is necef-* 
lary. Each of theie iron plates fhould have a han^ 
dle« by which it may be conveniently moved ; and 
to each door there jfhould be two plates, which 
meeting each other, and joining exaftiy in the mid^ 
die of the door*place, may ihut it very clofe. Each of 
the two plates belonging to the door of the fire** 
place ought to have a hole in its upper part ; one 
of theie holes fhould be a flit of about two lines 
wide, and half an inch long ; the other may be a 
lemi- circular opening of one inch in heighth and two 
in breadth. Thefe holes fliould be placed fo that 
neither of them may open into the fire-place when 
the two plates are joined together in the middle of 
the door to fliut it clofe. 

Fifthly, to terminate the furnace above, there 
waft be ^ pyramid formed of the fame materials 
with th6 furnace, hollow, quadrangular, three 
inches high on a baie of feven inches, which bale 
muft exaftly fit the upper opening, of the furnace : 
the top of this pyramidal cover muft end in a tube 
of three inches in diameter and two in heighth, 
which muft be almoft cylindrical, and yet a litde 
inclining to the conical form. This tube ferves, 

as 
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©s in the furnaces already defcribed, to carry the co- 
TOcal funnel, which is fitted to the upper part when 
a fire of extraordinary aftivity is wanted. 

The ftirnace thus conftrufted is fit to ferye all the 
purpofes for which it is defigned : yet before it can 
ht ufed another piece muft be provided, which, 
though it docs not properly belong to the furnace, 
is neverthelefs neceflary in all the operations per- 
formed by it ; and that is a piece contrived to con- 
tain the ciipek, or other veflels which are to be ex- 
pofed to the fire in this furnac^. It is called a Muf- 
fle, and is made in the following manner. 

On an oblong fquarc, of four inches in breadth, and 
fix or feven in length, a concave femi- cylinder is 
ere6ted, in the form of a vault, which makes a 
femi-circular canal, dpen at both ends. One of 
thefe is almoft entirely clofed, except that near the 
bottom two fmall femi-circular holes are left. In 
each of its fides likewife two fuch holes are made, 
and the other end is left quite open. 

The Muffle is intended to bear and communicate 
the fierceft heat ; and therefore it muft be made 
thin, and of an earth that will refift the violence of 
fire, fuch as that of which crucibles are made. The 
Muffle being thus conftru<^ed, and then well baked, 
is fit for ilk. 

When it is to be ufed it muft be put into the fur- 
nace by the upper opening, and fet upon two iron 
bars, introduced through the holes made for that 
purpofe below the door of the fire-place. ' The 
Muffle muft be placed on thefe bars in the fire place, 
in fuch a manner that its open end (hall ftand next to 
and dircftly againft the door of the fire-pUce, and may 
he joined to it with lute. Then the cupels arc ranged 
in it, and the furnace is filled up, to the heighi:h 
of two or three inches above the Muffle, with fmall 
coals not bigger than a walnut, to the end that they 
may lie clofe round the Muffle, and procure it m 
Vol. h O cqufti 
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equal heat on every fide. The chief ufe of the Muf- j 
fie is to prevent the coals and aihes from falling into i 
the cupels, which would be very prejudicial to the 
operations carrying on in them : for the lead would ^ 
not vitrify as it ought, becaufe the immediate con- 
taft of the coals would continually reflore its phlo^ 
gifton ( or elfe the glafs of lead, which ought to 
penetrate and pals through the cupels, would be 
rendered incapable of fb doing ; becaufe the afhes 
mixing therewith would ^ve it fuch a confiftence 
and tenacity as would deftroy that property, or at 
lead confiderably leflen it. The openings therefore, 
which are left in the lower part of the Muffle, fhould 
not be lb high as to admit coals or alhes to get into 
the cupels ; the ufe of them is to procure an ealier 
pallage for the heat and the air to thofe veflels. The 
Muffle is left quite open in its fore-part, that the 
operator may be at liberty to examine what palles in 
the cupels, to ftir their contents, to remove them 
from one place to another, to convey new matters 
into them, &c. and alfo to promote the free accefs 
of the air, which muft concur with the fire towards 
the evaporation necelTary to the vitrification of lead ; 
which air, if frclh were not often enough admitted, 
would be incapable of producing that effedl ; be- 
caufe it would fbon be loaded with fuch a quantity 
of vapours that it could not take up any more. 

The government of the fire in this furnace is 
founded on the general principles above laid down 
for all furnaces. Yet as there are fome little dif- 
ferences, and as it is very effential to the fuccefs 
of the operations for which this furnace is intended, 
that the artifl fhould be abfolutely mafler of his de- 
gree of heat, we fhall in few words fhew how that 
inay be railed or lowered. 

"When tl^e furnace is filled with coals and kindled, 
if the door of the alh-hole be fet wide open, and 
that of the fire-place Ihut very clofe, the force of 

the 
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the, fire is cncreafcd ; and if moreover the pyrami- 
dal cover be put on the top, and the conical funnel 
added to it, the fire will become ftill more fierce. 

Seeing the matters contained in this fiimace are 
encompafled with fire on all fides*, except in the fore 
part oppofite to the door of the fire-place, and as 
there are occafions which require that the force of 
the fire ihould be applied to this part alio, an iron 
box, of the fliape and fize of the door, liath been 
contrived to anfwer that purpofe. This "box is fill- 
ed with lighted coals, and applied Immediately to 
the door-place, by which means the heat there is 
confiderably augmented. This help may be made 
ufe of at the b^inning of the operation, in order 
to accelerate it, and bring the heat fooner to the de- 
lired degree ; or in cafe a very fierce Keat be requir- 
ed ; or at a time when the air being hot and moift 
will not make the fire burn with the neceflary vi- 
gour. 

The heat may be leffened by removing the iron 
box, and (hutting the door of the fire-place quite 
clofc. It may be ftill further and gradually dimi- 
niflied, by taking off the conical funnel from the 
top ; by ihutting the door of the fire-place with one 
of its plates only, that which has the leaft, or that 
which has the grcateft aperture in it ; by taking off 
the pjrramidal cover ; by fhutting the afh-hole door 
wholly or in part 5 and laftly, by fetting the door of 
the fire-place wide open : but, in this laft cafe, the 
cofd air penetrates into the cavity of the Muffle, and 
refrigerates the cupels more than is almoft ever ne- 
ceflary. If it be obfervcd, during the operation, 
that the Muffle grows cold in any particular part, 
it is a fign there is a vacuity left by the coals 
in that place : in this cafe an iron wire muft be 
thruft into the furnace, through the hole which is 
over the door of the fire-place, and the coals ftirred 

O 2 there* 
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therewith, fo as to make them fall into thetr places 
and fill up the vacant interftices. j 

It is proper to obferve that, befides what has been 
faid concerning the ways of incrcafing the aftivity 
of the fire in the cupelling furnace, fcveral other 
caufes alfo may concur to procure to the matters 
contained in the Muffle a greater degree of heat : 
for example, the fmaller the Muffle is ; the wider 
and more numerous the holes in it are *, the nearer to 
its bottom, or further end, the cupels arc placed -, the 
more will the matters therein contained be zSk&.€d 
with heat. 

Befides the operations to be performed by the cu- 
pel, this furnace is very ufcful, and even neceflary, for 
many chymical experiments ; fuch, forlnftance, as 
thofe relating to fundry vitrifications and enamelling. 
As it is pretty low, the beft way is to place it, when 
it is to be ufed, on a bafe of brick-work that may 
raifc it to a level with the operator's hand. 

A lamp-furnace is cxceedmg uleftil for all opera- 
tions that require only a moderate, but long continu- 
ed, degree of heat. The furnace for working with a 
lamp-heat is very fimple : it coniifts only of a hol- 
low cylinder, from fifteen to eighteen inches high, and 
five or fix in diameter, having at its bottom an aper- 
ture large enough for a lamp to be introduced 
and withdrawn with eafe. The lamp muft have 
three or four wicks, to the end that by lighting 
more or fewer of them a greater or lefs degree of 
heat may be produced. The body of the fiirnace 
mufl morepver have feveral fmall holes in it, in or- 
der to fupply the flame of the lamp with air enough 
to keep it aliv^. 

On the top of this furnace ftands a bafon five 
' or fix inches deep, which ought to fill the cavity of 
the cylinder exaftly, and to be fupported at its cir- 
cumference by a rim which may entirely cover and 
' clofe the furnace : .the uffe of this bafon is to con^ 

xm 
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t^ln the fand through which the lamp-heatis ufually 
tonveved. 

Beudcs this there muft be a kind of cover or 
dome made of the fame material with the furnace, 
and of the fame diameter with the fand-bath, with- 
out any other Opening than a hole, nearly circukr, 
cut in its lower extremity. This dome is a fort of 
reverberatory, which ferves to confine the heat and 
idireft it towards the body of the retort ; for it is 
ufed only when fomething is to be^iftilled in a vef- 
fcl of this fafhion 5 and then the hole at its bottom 
ferves for a paffage to the neck of the retort. This 
dome fhould have an ear or handle, for the conve- 
niency of putting it on and taking it off with eafe. 

m 

Of Lutes. 

Chymical veffels, cfpecially fuch as are rinade 
of glafs, and the earthen veflels commonly called 
ftone-ware, are very fubjeft to break when expofed 
to fudden heat or cold ; whence it comes that they 
often crack when they begin to heat, and alfo when 
being very hot they happen to be cooled, either by 
frefh coals thrown into the furnace, or by the accefs 
of cold air. There is no way to prevent the former 
of thefe accidents, but by taking the pains to warm 
your veffel very flowly, and by almoft infenfible de- 
grees. The fecond may be avoided by coating the 
body of the veffel with a pafte or lute, which being 
dried will defend it againft the attacks of cold. 

The fitted ftuff for coating velfels is a compo- 
fition of fat earth, Windfor-loam, fine fand, filc- 
ings of iron, or powdered glafs, and chopped cow's 
hair, mixed and made into a pafte with water. This 
lute ferves alfo to defend glafs veffels againft the vio- 
lence of the fire, and to prevent their melting eafily. 

In almoft ail diftillations it is of great coafequence, 
as hath been faid, that the neck of the diftilling vef- 
fel be cxadly joined with that of the receiver into 

O 3 which 
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which It is introduced, in order to prevent the ^7b^ 
pours from cfcaping into the air and fo being loft : 
and this junftion is efFcfted by means of a lute, 

A few flips of paper applied round the neck of 
the veflels with common fize will be fufficicnt to 
keep in fuch vapours as are aqueous, or not very fpi- 
rituous. ' 

If the vapours are more acrid and more ipiritu- 
ous, recourfc may be had to flips of bladder long 
fteeped in water, which containing a fort of natu- 
ral glue clofe the junftures of the veflels very 
well. 

. If it be required to confine vapours of a ftill more 
penetrating nature, it will be proper to employ a lute 
that quickly grows very hard ; particularly a paftc 
made with quitk-lime and any fort of gelly, whether 
vegetable or animal ; fuch as the white of an egg, 
fliit fize, &c. This is an excellent lute and not 
cafily penetrated. It is alfo ufed to fl:op any cracks 
or fraiftures that happen to glafs veflels. But it is 
not capable of refilling the vapours of mineral acid 
fpirits, efpecially when they are ftrong and fmoking : 
for that;^ purpofe it is neceflary to incorporate the 
•other ingredients thoroughly with fat earth foftencd 
with water ; and even then it frequently happens 
that this lute is penetrated by acid vapours, efpeci- 
ally thofe of the fpirit of fait, which of all others 
are confined with the greatcft difficulty. 

In fuch cafes its place may be fuppiied with ano- 
ther, which is called Fat Lute, becaufe it is a6h»- 
ally worked up with fat liquors. This lute is com- 
pofed of a very fine cretaceous earth, called tobacco- 
pipe clay, moiftened with equal parts of the drying 
oil of lint- feed, and a vamifli made of amber 
and gum copal. It miifl: have the confiftence of a 
ftifi^pade. When the joints of the veflels are clof- 
ed up with this lute, they may, for greater fecurity, 

be 
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be covered over with flips of lionen fmeared with 
the lute m^de of quick-lime and the white of an egg. 
Chymical veflels are liable to be broken in an ope- 
ration by other cauies befides the fudden application 
, of he^t or cold. It frequently happens that the va- 
^urs of the matters expofed to the action of fire 
rufh out with fuch impetupfity, and are fo elafti^, 
that finding no paflage through the lute with which 
ithe joints of the veffils are clofed, they burft the 
•refills tbemfelves, fomedmes with eicplofion and 
danger to the operator. 

To prevent this inconvenience, it is necel&ry 
that in every receiver there be a fmall hole, which 
besog ftop^ied only with a little lute may eafily 
be opened and ihut again as occafion requires* Ic 
ferves for a vent-hole to let out the vapours, when 
the receiver begins to be too much crowded with 
them. Nothing but pra&ice can teaph the artift 
when it is requifite to open this vent. If he hits 
the proper time, the vapours conimonly ruih out 
^ with rapidity, and a confiderable hifiing noife ', and 
the vent fhould be flopped again as ibon as the hiff* 
ing begins to grow faint. The lute employed to flop 
this finall hole ought always to be kept fo dudile, 
. that by taking the figure of the hole exadly it may 
. entirely fbop it. Befides, if it fiiould harden upon 
the glafs, it would flick fo faft that it would be very 
difficult to remove it without breaking the vefieL 
This danger is eafily avoided by making uie of the 
fat lute, which continues pliant for a long time, 
.when it is not expoled to. an exceflive heat. 

This way of flopping the vent-hole of the re* 
cciver has yet another advantage : for if the hole 
be of a proper width, as a line and half, or two lines, 
in diameter, then when the vapours are accumulat- 
ed in too great a quantity, and begin to make a 
great effort againfl the fides of the receiver, they 
pufh up the flopple, force it out, and make their 

O 4 way 
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way through the vent-hole : fb that by this meatn^ 
the breaking of the veflcis may always be certainly 
prevented. But great care muft be taken that the 
vapours be not fufFered to efcape in this manner, 
except when abfolutc ncceflity requires it ; for it is 
generally the very ftrongcft and moft fubtile part c£ 
a liquor which is thus diilipated and loft. 

Heat being the chief caufe that puts the elaftidty 
of the vapours in a6tion, and prevents their condens- 
ing into a liquor, it is of great consequence in diftii- 
lation that the receiver be kept as cool as pollible. 
With this view a thick plank fhould be placed be- 
tween the receiver and the body of the furnace, to 
intercept the heat of the latter, and prevent its reach- 
ing the former. As the vapours diemfelves rife very 

' hot from the diftilling vefiel, they foon communi- 
cate their heat to the receiver, and efpecially to its 
uppef part, againft which they ftrike firft. For 
this reafon it is proper that linen cloths dipt in very- 
cold water be laid over the receiver, and frequendy 
ihifted. By this means the vapours will be confide- 
rably cooled, their elafticity weakened, and their 

• condenfation promoted. 

By what hath been faid in this firft part, concerning 
die pnoperties of the principal agents in Chymiftry, 

. the conftruftion of the moft neceflary veflHs and 
furnaces, and the manner of ufing them, we are 
fufficiently prepared for proceeding direftly to the 
operations, without being obliged to make frequent 
and long ftops, in order to give the neceflary ex- 
planations on thofe heads. 

Neverthelefs we (hall take every proper occafion 
to extend the theory here laid down, and to improve 
it by the addition of feveral particulars, which will 

- find their places in our treatifc of Chymical Opc- 

. rations. 




ELEMENTS 



O F TH E 



PRACTlCEofCHYMISTRY5 



WHEREIN 



The Fundamental Operations are de- 
fcribed, and illuftrated by Obferva* 
tions on each Procefs. . 



[ 20I ] 



II i nil' ■: 



ELEMENTS 



OF TH E 



PRACTICE of Chymistry. 



* 



INTRODUCTION. 

AS the Elements of the Theory of Chymiftry, 
delivered in the former part of this work» 
were intended for the lue of perfons fup- 
pofed to be altogether unacquainted with the art, 
they could not properly admit of any thing more 
than fondamenul principles, fo dilpofed as conftant- 
ly to lead from the fimple to the compound, from 
things known to thin^ unknown : for which rea- 
fon I could not therein obferve the ufual order of 
Chymical Decompofition, which is not fufceptible of 
fuch a method. 1 therefore fuppofed all tlie analy- 
fes made, and bodies reduced to their fimpleft prin- 
ciples i to the end that, by obferving the chief pro* 
pcrties of thofe primary elements, we might be ena- 
Wed to trace them through their feveral combina- 
tions, and to form fome fort of judgment a priori of 
the qualities of fuch compounds as may refult from 

their jun6tions. ^ ,.«, 

But thisjatter part is of a different nature- It is 
a PrafticarTreatife, intended to contaio the man- 
ner of periforming the principal Operations of Chy^- 
miftry ; the operations which fcrvc as ftandards for 
r^ulating all the reft, and which confirm the fun^ 
mental truths laid down in the Theory, 
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As thefe operations conflfl almofl wholly of and^ 
Jy&g and- decompofitions^ thece caa be ao dcycdH; 
concerning the order proper to be obferved in giving 
an account of them : it evidently coincides with 
that of the analyfis itfelf 

But as all bodies, 'which are the fubjefts of Chy- 
mical operations, are divided by nature into three . 
daiies or kingdoms, the mineral, the vegetable, 
and the animal, the ansllyfis thereof oiay naturally 
be divided into three branches : ibme difrcretice may 
alfo arife from the different order in which thefe three 
may be treated of. 

As the reafbns aflTigned for beginning with one 
kingdom, rather than with another have never been 
thoroughly canvafled, and may perhaps ieem e-^ 
^uafly good when viewed in a particular light, 
Chymical writers differ in their opinions on this 
point. For my part, without entering into a dif- 
Cuflipn of the motives which have determined others 
to follow a different order, I fhall only produce the 
reafons that led me to begin with the mineral kii^* 
dom, to examine the vegetable in the fecond place^ 
and to conclude with the animal. 

Firft then, feeing vegetables draw their noqrilh- 
ment from minerals, and animals derive theirs from 
vegetables, the bodies which conftitqte thefe three 
kingdoms feem to be generated the one by the other, 
in a manner that determines their natural rank. 

Secondly, this dilpofition procures us the advan* 
tage of tracing the principles, from their fource in 
the mineral kingdom, down to the laft combinations 
into which they are capable of entering, that is, in- 
to animal matters | and of pbferving the fucceffivc 
alterations they undergo in paffmg out of one king- 
dom into another. 

Thirdly and laftly, I look upon the analyfis of 
minerals to be the ^eafieft of all -, nor only becaufe 
the^ confift of fewer principles than vegetables and 
\ but alfo becaufealmoft all of them are capable 

of 
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cF enduring the moft violent a&ion of fire, when that 
is neceflary to their decompofition, without any a>n* 
fiderable change or diminution of their principles, to 
which thofe of other fubftances arc frequently liable, 
Befides, I am not lingular in this diftribution of 
the three clafics of bodies, which arc the fubjefts of 
the chymical analyfis' : as it is the mofk natu- 
wl, it has been adopted by feveral authors, or 
rather by moft who have publifhcd' Treadfes of 
Chymiftry. But there is fomething peculiarly 
my own in the manner wherein I have treated 
the analyfis'Of each kingdom. In the mineral 
kingdom, for inftance, will be found a confidcra- 
ble number of operations not to be met with in other 
Trcadfes of Chymiftry ; the authors having proba- 
bly conlidered them as ufelefs, or in fome meafunc 
foreign, to the purpofe of elementary books, andf 
as conftituting together a diftind; art. I. mean the 
procefies for extra Aing falineand metallic fubftancci 
irom the minerals containing them« 

Yet, if it be confidered that falts, metals, and 
femi-metals are far from being produced by nature 
in a ftate of perfeftion, or in that degree of purity 
which they are commonly foppofed to have when 
they are firft treated of in Books of Chymiftry ; 
but that, on the contrary, thefe fubftances are ori- 
mnally blended with each other, and adulterated 
with mixtures of heterogeneous matters, wherewith 
they form compound minerals ; I imagine it will be 
allowed that the operations by which thefe minerals 
are decompofed, in order to extraft the metals, fe- 
mi-metals, and other fimpler fubftances, efpecially 
as they are founded on the moft curious properties of 
thefe fubftances, are fofar from being ufelefsor foreign 
to the purpofes of an elementary treatife, that they 
arc^ dn the contrary, abfblutely neceflary thereto. * 
After I had made thefe refieftions, I could not' 
help thinking that an analyfis of minerals, which 
ihould treat oi faline arid metalliG fubftances, with-- 

out 
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out taking any notice of the manner in which tfaeir 
matrices muft be analyfed in order to extradt tbcniy 
would be no leTs defective, than a (reatife of the ana- 
lyfis of yegeraUes, in which Oils, e0entiaj Salts, fix* 
ed and volatile Alkalis fhould be amply treated of, 
without faying one word of the manner of analyfi^g 
die plants from which thefe feveral fubftances are 
obtained. I therefore thought myfelf indifpenfably 
obli^d to defcribe the manner of decompofing eve- 
ry ore or mineral, brfore I attempted to treat of the 
ialine or metallic fubftance which it yields. 

For example : as the Vitriolic Acid, with the coi^ 
fideration of which I begin my Mineral Analyfis, is 
originally contained in Vitriol, Sulphur, and Alum ; 
and as thefe fubAances again derive their origin from 
jhe fulphureous and ferruginous Pyrites, the firft 
operations I defcribe under this head are the pro- 
cefles for decompofing the Pyrites in order to exoiad 
its Vitri<^ Sul{^ur, and Alum. I then proceed t30 
the particular analyfis of each of theie uibftances, 
with a view to extradi their Vitriolic Acid ; and af- 
terwards deliver, in their order, the other operadons 
ufually performed on this Acid. Thus it appears 
that this faline fubftance occafions my defcribine the 
analyfes of the Pyrites, Vitriol, Sulphur, and Alum. 
The whole of the treatife on minerals proceeds on 
the fame plan. 

The operadons by which we decompofe ores and 
minerals are of two forts : thofe employed in work- 
. ing by the great, and thofe for trying in fmall the 
yield of any ore. Thefe two manners of operating 
are fbmetimes a litde different ; yet in the main they 
are the fame, becaufe they are fouiuled on the fame 
principles, and produce the fame efieds. 

As my chief dcfign was to defcribe the operations 
that may be conveniently performed in a la!x)ra- 
tory, I nave preferred the proceffes for fmall aflays 5 
efpeciajly as they arc ufually performed with more 

care 
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cstre and lictfafddy thftn t^ operatkms ih giieaic 
works ; and here I muft acknowledge that I am c^Ugv 
ed to M; Crimejf s Decimafia^ or Art of Afi&ying^ 
ferall the <>perations of this kind iti my analyfis of 
tninerals. As M. Helbt's ^^mtk on that fobje^ did 
tiot appear till after I had finifiied this, M« Cmmei^ 
'Docimafiay in which found Theory is joteed wkh 
accurate Prafliee, was the beft^ook of the kind I 
could at that time confdlt. - I theS'efor^ pre&rrsd k 
to all others ; atkl as I hare not quoted it in my ana- 
lyfis of minerals, becatffe the quotations would haw 
been too frequent, let what I fay here fcfvfe for a ge- 
'neral quotation. I have been carelul to name, % 
•often as dccafion reqmred, the odier authors wlicffe 
procefles I have borrowed : it is a tr^te ji^^y ^e 
to thole who have communicated their difeovmes iy> 
the publick. 

Thou^ I have told the reader that in lAy ana- 
lyfis of minerals he will find the prodei&s for ex- 
traffcing out of each the ialine or metallic full- 
fiances contained in it, yet he muft not expefl: thflj: 
* this book will inftnift him in all that it is necef&y 
he fhould know to be able to determine, by an ac- 
curate aflay, the contents of every mineral. My 
intention was not to compofe a Treadle of Aflaying; 
and I have taken in no more than was abfolutely ne- 
ceflary to make the analyfis of minerals perfe£Uy 
underftood, and to render it as complete as it oushc 
to be in an Elementary Treatife. I have therefore 
defcribed only the principal operations rdatii^ there- 
to ; the operations which are fundamental, and 
which, as I faid^ before, are to fen^e as ftandards 
for the reft, abftrafted frorti fiich additional cif cute - 
ftances as are of confcquence only to the Art of Af- 
faying, properly fo called; 

Such therefore as aredefirous of being fully ih- 

. ftrufted in that Art, muft have recourfe to thdfc 

works which treat profcflfedly of the fubjfeft 5 aftd 

particu- 
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IMfticularly td diat publUhed by M. Hdlot : a per* 
formaiKe mfi^^c^med^ by f uch a^^re beft fkilled in 
Chymiftry, «aiid raidered lb cotnpkte by the nume- 
rous and valuable obfeivations and diicovciies of 
the Author, that nothing better of the kind c^ 
be wifhed for. I thought it pr^er to give thefe 
notioes in relation to my analyfis of minenils ; and 
(hall now proceed to ihew the plan of my aiialy% 
of vegetables and of aniipals. 

Seeing all v^etable matters are fufceptible of fo^ 
mentation, ana when analyfed after fermentation 
yield principles diHerent from thoie we obtain from 
them Wore they are fermented, I have divide^ 
them into two daiies \ the former including veegeh 
tables in their natural ftate, before they have uo- 
•dergone fermentation ^ and the latter thofe only 
which have been fermented. This analyfis opens 
with the proceffes by which we extract from vege- 
tables all the principles they will yield without the 
help of file \ and then follow the operations for de^ 
compofiDg plants by degrees of heat^ from the gen- 
tleft to the moft violent, both in ck>fe vefl^ and in 
the open air. 

I have not made the fame divifion in the animal 
kingdom, becaufe the fubftances that compo& it 
are fufceptible only of the laft degree of fermenta^ 
tion, or putrefaction ; and moreover the principles 
they yield, whether putrefied or unputrefied, are the 
very fame, and differ only with regard to their prol 

Sortions, and the order in which they are extricated 
uring the analyfis. , . 

I begin this analyfis' with an examination of 
the milk of animals that feed wholly on vegeta- 
bles ; becaufe though this fubftance be elaborated 
in the body of the animal, and by that meatos 
brought nearer to the nature of animal matters, yet 
it ftill retains a great fimilitude to the vegetables 
from which it derives its origin^ and is a fort of 
- ' V ^. V ':* . inter* 
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intermediate fobfl^cc betwe^ th^ vegetable and 
aninisQ* Then I proceed to the ^nalyQs of ^animal 
matters properly fo called, thofe which adually make 
a part of the animal body. I n^t examine the eX- 
crementitious fubftances, that are thrown out of the 
animal body as fuperfluous ^nd uielefs. And then 
I conclude this latter part with operations on th« 
Volatile Alkali 5 a faline fubftance of principal con- 
fiderataofi in the decompofition of ^imal matters* 

Though in the general view here given of the 
order obfeved in this.Treatife of Praftical Chymif- 
try I have mentioned only fuch procefles as ferve for 
analyfing bodies, yet 1 have alfo inferred ibme other 
operations of different kinds. The book would be 
very defeftive if it contained no more : for the da- 
fign of Chymiftry is hot only to analyfe the mixt^ 
produced by nature, in order to obtain the fim- 
pleft fubftances of which they are compofed, but 
moreover to difcover by fundry experiments the pro- 
perties of thofe elementary principles, and to r«- 
combine them in various manners, cither with each 
other, or with difl^rent bodies, fo as to reproduce 
the original mixts with all their properties, or even 
form new compounds which never exifted in nature. 
In this book therefore the reader will find procefles 
for combining and recompounding, as well as for 
rcfolving and docomppfing bodies. I have placed 
them next to the procefles for decompofition, tak- 
ing all poflH>le care not to interrupt their order, or 
braJs: the 4:onne&ion between th^m. 
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T.AKE any quaiatitjcyotLplcafe.a£^Iw*l*Py*» 
rites ; leave .them fer focnetifne^efl^^d^n) 
the. air : they vsilLcnack, fpiit,-l^e/«faM 
hrightnei$> and fall into powder. Pot this pOWckriUM 
to a glafa £ucurbit> and pour upoorit twioeitdwdgbt 
of rhot.N^^ter.i ftir the whole with a ftic^y and^tht 
liquor will grow turbid. Poor it while it is yat 
Wirm:intQ>A..^fs funnei Ikicd with broiwn^fiJocHng 
papcT: J. .and having placed .your funnel ovar anotl^er 
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glais cucurbit, let the liquor drain into it. Pour 
more^ot'tfaier 90 th^;^^poitdrred Hjrrites^ filter as 
befor^) andf fo go on, every time ieileningthe quan- 
tity of water, till that which comes off the Pyrites 
appears to have no aftringent vitriblic tafte. 

Put all thefe waters together into a glafs veflel 

tha^ widp^iUpiW^rfj^ » ief it ^n a :fknd b|atb, tod . 

heat the liiquor till a confiderable fmoke arifes ; i>ut 

take; c%re^^ not^ to make it boil. Continue the fame 

degree^ €^lm till the iSrface of theiiquor begins 

to look dim, as if fome duft had fallen into it ; 

then ceafe evapor^ing, ^ and remove the veflcl mto a 

cool place : in the ^ace of four and twenty hours 

,ther€ will be formed therein a quantity of cryf- 

tals, of a green colour and a rbomboidal figure : 

thdfe lire Vitriol of Mars, or. Copperas;J. "Decant 

the remaining liquor ; add thereto twice its weieht 

of water i filter, evaporace, and cryilallize as be- 

f<;pre > : r^pe^t thefe operations till the liauor. will 

yield no more cryftals, and keep by themlelves the 

cryftals obrained at each €iyftaUizatieni 

OBS ERVATIONS. 

The Pyrites are minerals which by their weight 
and fhining colours frequently impofe on fuch as 
am JIQL. well, acquainted with ores. At firft fight 
they may be takep fqr vefy rich ones ; and yet they 
confiftonly of a fmall quantityof metal combined with 
much ful{]tl|Vr or tf fenic, and fometimes with both. 

They ftrike fire with a fteel as flints do, and emit 
a^lphureous fmcll : fo that they may be Jtnown by 
^i$ wt^mpoianeous proof. Tha metal moft com* 
oftQuly and^moft abundantly found in the Pyrites is 
inm ;: . tbq ^itaiujty whereof ibmetimes equals, or 
even eisceedsi ithat of the fulphur. Befides metal- 
lic and fulphureous matters, due Pyrites contain alfo 
fome unmetallic eardi. 

y There are fcveral fbrta of Pyrites : fttne of them 
contain only iron and arfenic : they have not all the 
property of cfflorcfcing fpontaneoufly in the air, 

P 2 and 
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dnd turnihg into vitriol ! none do lb but ibch (ss^Coa- 
iift only ot rron and fulphUr, or lit leaift contaiB fetic 
a Very finall portion of doppel^ or €f aMctiic r lyv] 
tvcn. amongft thofe thitare com^fcd 6f ircttt tad 
fulphur alone, there are fbfne that will t6narmeim 
years together exiled to the arr without fhciodng, 
and indeed without ftifibifig the teaft fenfibie Awat^ 
tion. ......' 

The efflotiefcence of the iron Pynia, and the 
changes thef undei^o, are phenomena well iwsxii 
bnr notice. They dfepend on riic fingukr prt>. 
t>erttr which iron poflfeUes' of decompafeig fiilpbar 
by the help of nioHhjre. tf very fine koiHfifiiigs 
be atcuracely mingled with flowers of fulj^faur,- (Ms 
mixture, being moiftened With water, gro#s Twy 
iiot,fwelh tip, cmitsfulphtrrcotxs vapours, and evien 
Takes fire r what remains' is found conVcftel into 
Vrtriol of Mars. On this* bccafion, themfcrci; the 
fulpHur 13 'decompofcfd ; its lAflammabfe p^tis<Sif- 
. fipated or confumed ; it^ acid combined with die 
iron, and a Vitriol arifes from ih*t conjunftion'.' • 

This is the very cafe with the Pyrites that conlift 

only of iron and fulphxir '; yet foiiie of them, as 

we faid before, ' do not efflbrbfce Ipentaiiooufly and 

Tgrn to Vitriol. 1 he reafon probftbly is/ that m ftifch 

minerals the particles bf iron and ftilphur ^m tioc 

Inrimaitel^ mi»ed together, bi« feparated . by fmrc 

carthy'palrtSgles. *./-'• 

• In order to procure Vitriol from Pyrhes eTtihis 

•Icind, they muft be fOf fometinrie expofed to the 

\i£tion of fire, which by-^nfiiwrinfg part of their 

Tulphur, and rendering their textunc ldi^coi*p*d, 

makes way for the ^k ^Ad moifttire, to whifch tiiey 

mull: be afterwards expofty,' to j!)enet*alte' their *feb- 

ftance, and produce in them thbfe changes with 

^ whieh thofe Others ai^ affe6ted thut germinate fpon- 

taneo.ufly. .. r . ... 

The Pyrites which contain copper ' and arfenic, 

and for that reafon do not efflorefcc^ muft iikicwifc 

• -.: .... ; . under- 
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VKAxgp tOt t&ion of fitt I which, tieCdes the efr 

fisfo itproduoes on. Pyrites that coAtift pf irof^ w4 

fidphur only, difliptt^ al£> che grcatelj: ^art of tbo 

ju&iac. .Tlttfe Pyriees beiogfirft roafted^ and the^ 

ej^fed Jboothc air for a year or two, dp aljp yiel^ 

Vitrioh ; but then it is not a- spura Vijtf iol of Iron, 

fcuc IS eonibincd with a ^portion of JsU^ Vitf io)> the 

bafis of which is Cof^r. 7 

r' SflimetiiBesallb;i^e)ifi? AlMm ki^ii TkilloljQ w^^ 

ins tfeswa off the Pyrioes. It wai on #ccc^iQt oi 

<jit6 miausirCiOf different fides that<we re^^fiiend^4 

the kcqping ifKacfi the cr^(Wis ohl»iii(i^ IrQtn ,e|g^ 

diflbvnt cryiblUsdiion : fee by^his meirtf they m^ 

fee examtncd .fi|»n0)eIy,M and the i|><y»€^ tOiWhu^ 

thtyi fadbog d£iovemiv :^ . /: . i .^ 

When Vkrio] of iron is<^Kiiiltemt£<^.¥^ ^m\ll^ 

tore of the Vitriol of copper only, it is eafy tojpu- 

nfyte ami bring it toKe -entirely n««»I, Jby diflolv- 

ing it in water, and&ttipgpl^t^^ ^f iron in the lb- 

iotion ! £oT iron iiaving a greater ^nity than cop- 

|)er With* tbe,ritnQlk> acid. fiifaratf!!i^^l9U^ ffom 
it, and affuming \itt |^i|Kpe.fCod^(e$ 'a pure Vitriol 
of Mars. 

'• In larttt works ftfr tirtrdaiilg ^|&i^ irotrii|e 
Pj^rifes* tley proceed- flfus- They *olte6k 4 grefct 
quanti^ of Pyrites on ^ piece of groiiiid ejtpofed to 
thiar^, and pile tb&m uf in feeaps ftP^S^ur^tliMte 
'fttot high. There thej^ leave them^ekj^d td ijfe 
aftfen ^'the air, fiwir and' rain, for * three *(^a*s 
^tt^thtaf ; taking care to turn dvenS fe^^y^-ftc 
'mpiiths^ in order to faeilitafe the elHorefcence of 
tbofo which at -^ft ky «ndcrmofl:. The rain-water 
^hich has waftied Acfe Pyrites is oon'ireyed by j^M- 
'•pfcr t5hanneJ8 into a dftern 5 and when a fuffici^At 
•qfmntity thereof fs -gathered, they evaporate it to * a 
pellide in l^rgc leaden boilers, . having firft p«t 
into it a quantity of ironi fome part 0^ which is dif- 
foftred by the fiqtaor, becaufe it contains a- vitriolic 
acid that is rtet iWly faturated therewith; When it 

P3 ia 



is^ folficicntly c^aporattd, thcjr A^aw it ofFintoim^ 
leaden t)r if^ooden- ^^oolers, and tha« leave it to^ 
fbooc into cryftals. In thefe kft vefleis feirmtl fticks 
arc placed, cro0ing each other in all manner of di- 
reftions, in order to multiply the fui&ces on which 
the cryftals may fafteh. ' 

The Pyntes sort not the only minerab ftom wbkk. 
Vitriol may be procured. All the ones of^iron-^aaf 
copper that Contain fut^ur may alib be Hfiader tm 
ykld orttn or blue Vitriolv acoordkig to^iiifo^^oaicxad 
of each, by tbrrrfying them; and ieaving them I6ng 
expofed to ^e air : but thifs ufe k MAvA imde'iK 
them» a^ there isthore profit to be .gcit'^y jeactradb 
ing the meti^ls they ccMt«in« Befides, itcisosafier^ta 
obtain Vitriol from the Pyrites thaii ftom tfaoft 
othc^ mirt^r^ fubftancds/ ' ' ' ^ ^^'^- ' - 



■' r ■' " ■ " y ' I . 1 ' ' * 



.Alt «>■! m *t t m ; it»,, ■ ■■ I m , f ii ii '> iyi^^J^^»^jiy^^^fct^^- 

PR. ocE.s:s:ii./;:;; :■:;,'•■; 

:?> exfra^ Sutphkrfrim the FyritNy ^M iib» fitp. 



K » ' ' . • -Jt, «■ 



A m ., . i . .1 • 



RED U GE to a £oar& po^wd^ WT.^»siimf^ 
yellow Pyrites, or other Miiif^ l^tj|iiiUi{ 
rSufpfamn; K £^t this^^|)owdcrriQ(o ao^^eanEhep rf^r glafs 
4]«tort, having a loog wide n^eck^ sa^(>)^ge^^^ l^ 
•d^ that «be ddiamier may fill j^ttt two tWiid$ (^ .% mSm 
;^f^cure€ortinra faod-bath ^ii^d ,over.' ar^^ye^^a^j^ 

^iiirnaee : &< to it a receii/(er h^f . fyll fsf r wai^, a^jd 
Tfo placed lAat the nofo Of ith^ure?^^:^,])^^^ 
van inch wider the water a, gi^e % fira^«l£r«5,ji»k- 
4ng caife you donot mak«*i^J<vft^^ 

the matter. Keg> the retort moderately re4i^'49iie 
' hour, or aa hour aijd haif^.^and ihen, l^-tb$ TCifels 

. Aln^oftaU the Suipbur fepar^ted.l^ .^is^jpf^a- 

' tion from it$*jmatrix w^i b^ foun^^at t;ije^ext|R?|i?iiijfy 

.of the neck bf the retprci being fixed" tlici^ by 

* the 
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t&B watOTi ^Tou may gpt It out either by^ melting it* 
i;rith fuch a gentle heat as will not fet it ph fire, or 
by breaking the neck of the retort. ♦ 

s\ OBSERyJTTONS. • 

Of all minerals the Pyrites contain the moft Sul- 
phur j^ thofe cfpecialiy which hav^^rfie^ol6u|- of fine 
hi^t&i »a regular form* fnch as round, cubical, <hexa^' 
gonali^ and being broken -prcfi^it a number of (hin-./ 
ihg needles^ all radiating, as it w^re, fpomacenterl- 
* A very {noderate heat, is Sufficient ta {(^arate ihe 
Sulphur th^ contain. We dineded that jthe retqjt^ 
employed fliould have a Ipn^ and a wide nedk, wit^ 
ft view to prociirt d free paiS^ for thfe Sulphup: the 
water fct^in the receiver detains the 'Stilphurj fi^es it;* 
and prevents it from flying off ; fp^that it ia onne^^ 
fery to clofe the joints of the veiftb; ' But it is pro- 
per to take notice tKafc when ever 'ycurttfiranJippa-n 
ratus tor diftilltng, whi<5h ^quires the beak of th^ 
retort to be under water,' it Is of 've^ry ^rcal donfe-> 
quence that the fire be confl;^nt}y fa regujl^t^ that' 
die retort may not cool* in thfi^eaft : for in that cafe,* 
as the rarefied air contained therein would be con-' 
idenfed) the water ih Yhe fe<3ciiter would HfelntQ tfc 
tetort and brfcak It. " ' - * '; '^ ^ ^ v > : 
'-'" If 1h diftilling Sulphur 'accordrhgiJ» thfii:/inlr(fertt^ 
pibdcft the matter contained ^.m thc;iBto*: Amid- 
'happen ^ melt, the operation wooid^bsithdlebylf V6h^ 
:lldifi^y'^rotra6bed, and it weydtie9iirra)grdac 
"ifeal IfAma time to extraft' aH the Sidphftr ;^]iecaufe 
'tfH'-evaJx^tion is from theTunfate culilyv tuld the 
ittcrttervWhile it remains in ^toarfc powder, prcTent^ 
< ntifch'rttore cxterifiveftirface than^wfaca)* i^.is 

' This tCTnatkhoMs witferegard«to.^U other dSftil- 

lations. Any quantity of liquor,' fet to diftil m its 

ftdM'ftatI?, *will»take Aiuch more time id »rifc ki va- 

^^ftWftf, ^iid' ^fi- fVrt# 'the fe»rt into the* ^cdy^^^ 

^' ^. >r. ^^>-!i jiu'- P-4^/7-'' ./ jijiii fr- than 
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tku if: it be incMpOfBtod^^nth 4bitie'fi)lid^bad^ 
r^iucod to- minute parts, ib chat the jRhoIe: fhtiAl 
make a moifl powder ^.and this ihongh die vicfi 
fame degree of fire be applied in both cafes. 

If the matter from which it ispfopaM to eztnA 
Stllphur.be fuch as will mdt with the dimxr of fy»: 
neceffioy to diU operation ; thatist witlkaheacwUidi: 
w&U maice the retort but faii^tly ted, it muft bcmix-x 
ed ^^ fome fubftanoe that is not lb iufitdc , Verf, 

!)i9Cf coarle iand or clean grarel may be uied^idt^ 
^cce& : but abWbent earths arcaltogcther. itppiOri 
per for this fmpo&t becaufe thqf^ will unifit^th th^. 
SolphuF. 

* The fuipborcous. minerals which aec moft« ^ la 
fiife are the cupreous Pyritea, or yellow copper cos.: 
common kad ore$ are al^ very fufihle; . 

The: Pyrites are by this i^fation deprived o£ ^d^ 
moft ell the Si^ur dvcy coptain $ and conieqgentLy . 
licxk is left be^iady bat the particks^ of iron anq 
copper, tog^her with a portion of umnetsiUic eanh,r 
which we (ball (how how to feperate from theie me*, 
t^ls when we come to treat of them. I % that by^ 
this (^ler^tlon (he Pyrites ane deprived of aunofl: all^ 
and not eficvtly.'of all tbd^ Sulphur ^.becaufe^. thia 
feparation being miade in clofe veflels . enly ^ there 
eNiaya:reii(kMS^ ^ certain quantity of Sulphur^ which 
^heies fo obilinately to. the meuds^ that it would be 
ahnoft impoilible to get it all out, even though 4 
piuch ftrwger £ie than that dire&cd in the>prooe& 
tiieie^plied fc»r this purpofe, and though choke 
}aA bewv is it ought to be, i^ade of &ch Pyrites, 
brother &ilphuieotts. Minerals^ asr.part mofteafilyr 
with theiir Sulphur. Nothing but a very ftreog fire 
in the open air is capable of carrying it wholly ^ off, 
or confuHiing it entiiely^ !• 

In feveral places are found/gseat quantities of na^ 
ti'we Sulphur. . 1 he Vokanos abound ,with in, a^ 
|>eo|rio gather it at thi; foot of thofe burmiog mount 
< ' " tainsi. . » 
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rakuu^ Ssker4%E3ngsr j^^^ alfoytdd 

Sttl^hus; dnd it is fom^iimeg' foi|^ fabiimed totim 
X^ted WQ^ 9(, certain wdi^ 3(Mi aiirKHigtKiiQrSr j^, r 

one at AiX'^b-CbapeHe* r' ,. » '.'— » > 

.7Titt^Ge0Mns. and Italians • h^ve bseffi Works, 

liiies^i and) oifaar miaeraiis wlucbiadb)oucd chei:^9Mmk« 
Xhe pcoc«& tbey work by is tbe ^mewkfai tbatii^»».' 
delivered I wii^ )ti# .^dj^3|eQ<^i^ 
being, 1>^ ^ fuEtall vaiUn dsy^rdQ riKrt^ofc/ib tnaagin 
pncamioss. Thsycencenft. filabmij^veaiwitb putting 

tbRT earthen cuciir^kts^ which they place in the fyxK 
nace^ci fiidra maoner that; wfien the ^otphusetGWBi fxut 
m9k$f k xtms iota ydSsk. £1^ 4viiJi ^iKafxi^v 90fd v^i 
tberebjr . fixed* . 

,- The S^][i^t^ obtained, eichei 
Vy Rvofk faTioii^ is oot idwiqrs^p 
« Wbqiiit^«^faKa«Bed by diJ^atioD) if the matteo 
§^m which, you extradk it .contain mone^vtr fotoe 
other rninerais' of nearly the iame volatilicy, luch, 
f«f ifiAanoe^ as . Ar fenic^ .«r Mercury^ thefe mine^ 
rids wiii come Oirer with it. This is eafily peroeivr 
od ; Cor pott f^fadiioed Sulfyhui- i$ alw^yatof a b^pau*^ 
idvA Y^omr' lAcli&ing. to a«.Wx>n cokaur.. Ji vi 
Idok mj» otr have.a reddiCh iiaft* it is aifigo that 
6mit Ai^nic bat^ n&n sdoog' with it, o . \. ! . 
} Mercury iiibltiviad vykh 3l^phiir iik^wife gives it 
a ^ tcoloui: s- but Sulphur is* ve^ >i9ldonEi adul^ 
mated Wsch this metallic fvh^moe i foD Affenic tia 
frequently found Cfdmbined^^ltiPi the Py^a^/aod 
other fulphureous minerals, whesreas on the contrary 
we very f arely meet with any TS4ercury in rfiein. * 

But if Mercury Ihoidd hs^en - to jiie with this 
Sulphur in cjiftillation, it may be difcQvc«?ed by ex- 
amining the fublimate ; which, in that cafe, will 
hzYC the properties of Cinabar : on being 4)PC>keo. its 

fefidc will appear- to confifl; of needjes iSl^rm^pIftr 

a tcrally 



t]miByt0jeacii<»lher; its wfctgbt ivUl be very eoii&; 
(fenblfi; and l«ftly». the ffitnt heat of the^plaee 
irtiieit^ie ia. coUe^ed wiU'nirpi& another mark tor: 
know it by ; for as Cinabar is lefs volattU than At^* 
ftmc or Sulphur, it faftem ocr |]hces tna^ hoc> tint ^^ 
dier Sidphur or Arftidc to bean 

^ Sulphur may alfo be adulterated 9i4 A foch fixed* 
iriatters^ elllier metallic or earthy, :: >aa it may hafve 
carried up^along witbit in thbdiftiilation, or as may' . 
have been fubluned by the Arfenicv ^/^hidiiias a ftitt^ 
greater poimrthaft Sttlpbor to vvdcttilieei^^ 

< If you defire to free the Sulphur^iipBi.moA: of 
thefe heterogeneous matters^ it nemft tse put into aii^. 
ea^encucurUt, and -fet in a iaiid' bai^ 'Xo^ the 
cucurbit muft be fitted one or mone aludels, and 
fttch a degree of heat applied at (hail but juft mete 
the Sulphur ;' wiiich is much kifi thdn ih^ neceP* 
l^ry to feparate the Sulphur fiom its matiis. ? Ad 
ibon a$ the Sulfur is nwkexi^ta will iiifalime in Iqk 
mon^oloured flowers^ that will- ftisk to^dic infidci 

crf^ thciiludels; -v ; i ^ - ^ ^^ ^^ 

Wh&n nothing* more a{^)ears to rife widi tlua dci^ 
gtee of heat) therdSiels. muft be Aiffi^lid to cocdi 
At the bottom of the cucurbit will be foutd a fuW 
pbiteous- mafS) contsunftng the greKteib:|>aiiti of khe 
ad!v«hcinous:maitteisthafe.weie:mixQd>mth lithe Suti 
phur^ a^ more or Idi tod dr datk^^otounediacr^ 
cording to the Atfure ti thofem^ters^ -v.. ' );uo k 
. When\^weconw to tteat of Arieim: andi 
weJheU ^vt^ the methods of iepanoing'&ilphiffCRf 
tfa^ly^m.tthoie meiallk>fublbnceflL^: 'a -iyau.}^^-' t 
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Itio extraSi Alum frm aluminous "Minerals. ' *^ 

^AK£ fuch minerals ,?U5 are kijow.i^ ,or, fuljpect;?! 
; j^*^ to contain Alum. Expofe tficni to the air, 
that they may cfflorefce. If they remain there a 

year 
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tbea )e»e'them easpofed'to the air» tall k^tthbic^^- 
iieing put iMithe tongue dmpttm^n'stftiii^diit^kN' 

them into a leaden or ! gkfs vefl^ $ ^pourupotwdiiem 
tb)»qd tbcir ywdgb&itf hot vvrxfer*^ ix>i} 'the liquor t 
^l«ef> k^i ^andi repeat rtfadboperatiom (Slfth^igai^ 
bysLfo odi^cxuced that die nvater^wkic^icbfiddd ^^ jK» 

leit dbom Aandf 6ur and twcmkf libvws, i tbac^iti^ )^9fiM; 
^sdicarth^T'partattiii^y^feade to ii^ bottom ^v^^r^lfe 
fiitcr^the hquor-ii^diaevrapoitce ifld it wUibesibiJ 
fiew-^aid e^. :N<]99r let is oobU and^and^^a^^Mut 

ihoot,; ^rtwh iHm isoft cpmiiionly vkiiisiib ^ fot^ 
Aiuna i)riiaiidy^Dhtti«d'by ihtffirft cryflalfea^birw 
IJifemawi j*wfe^ vieiplic 4xff^ :n if . any oyftito of 
Ajb^beibwdiamong^diemi' thde miift^ be dlf^ 
^ih»t!d^vi» aiid^ii»«o'<^idlle^ia-r<k%n^ 
prder to their pi|riaca$ion ; becauTe thdy |Kiitake di> 
tthb pa^mm Wrftfta- oE^^ etAsm: of titrioL By 
tWs ifWthpd^iftjitKpa alHhc? >1ltejEn' that thd Uquw 

i>uiBj(Mi<f!k.^m\iirf(^^ b^diis 'xxseamj 

l«tca£ i|^e|ght ol^ a^ ftroiig ^dMitie litjnHuo^jiiil 
a third part a£>iCft 'wqgjbc 4f ]moi^edi?u|}i|^ bra 

j^i5^ii^,<rf)quick.li^^ 

pcatBdi t[]i^;^miift tshah yiMiitrtiioh <tf/j^dife>ihMe 
jubftances is^ to be pi^eiirrbd^i aewi^^ 
ticular nature jpf the mineral qn which you are to 
opeiair- \ KcepTour liquorbqiling, and if thCT^1>c 
any Alum in itj^ thcr^vnlJ npfpcfr « white predpi* 
tate : j^^|;|j^,cafe J^t it.copl find ifettk. ,^ When the 
^ite pj^ecipitate is entirely /alien, cjecaht the' cfear^ 
and k^H lUt cry ftals ^i Aliim- to fli6<5ft it mui'c; 






f 
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tiadie liqooriifll yiild^ anMC t Ic wffi dten be 

occeedipg thick. .'"'■' ' -^'-'^ 
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Attrk is obmiixd from ieventf Arts of^ MBneraii. 
In £mte ptits of Ittty^^ .and in fiindiy oriier pkiM, 
ir tflofdces iMtural^x»n die forfiuse <if ike entb. 
-There it is fw»t togedier vntk (Mobms, andiinmm 
into pits lull or wtten This water h impregfMxd 
chtfewtth tiM it can Afiblve iio:nxm. -Then k is 
fikeitd, MdikttbwnponM in Urgot^eademwdSOs-; 
•nd Tvhen it it faffidently ei^apdraMdj*'^ ready io 
flioot into cryftals, itii 4ra«m off into wceden cool- 
ers, and diere left fop tlie fait to etyftaliltt. '- 

in alumisKMis ibik there are (rftrnfeuiid^^riiigs 
ftrbngly icnpregnsced^ih AkM ; lb diac to obtain 
k the water need onlybe evapoi^iatod. ^^ 

In the country about Rome tiiers is 'a tery hiiid 
ftonr, ' #bich is ttewir 4mt ofther qMny inft lice 
odier ftonesfor bOJUKr^': tbi» ftont^ yields a ^vtat 
iAeal of Atom; In^Of^toexiraft it, ithe flenes 
aie catdned fbrfimhiKe or fourteen faMfurs; after 
whicH they are ei^Mfid io>4he ait in heajpTy and cam- 
fbUy watered three or four times a day totimy days 
tagrther/ In chat d^e diey begin iM eflltmdb^ aid 
fo^row<wt a^fiKldUh iMBtteroAfifiei^^ TIiM^i 

they ^tm bmied in water; wl^ difiblvisd 41 the^Alt^ 
Chey ct»main) itnd beitog duly etra^mrid^ gives: it 
back in cryftAb. Tl^isthe Aldm feilUed JSfMial^ 

' fiev«iRaI forts <^ Pyrkes^lfe ^eld <a gratt des^ nf 
Arlum. The En^4 ha^e a ftoHc of this Icfaid, 
whiefa in colour is very Ittce a fla^e. This ftone (iod- 
tains much Solpiiw, which they get rid of by roaft^ 
}f^ k« After this they fteep the c^okied ftone'in 
water, which diflfdves the Alum it contains, and to 
this Iblution they ddd a certain (juancity of a lye 
itaade of the alhes of fea*weed^ 

The 
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- The SWede$ hare 4 Pyrites «f a bri^, golden 
cdour, variegated with filvet fpots, front whtch 
they procure Sulphur, Vitriol, and Alum. They 
leparate frorti it tht SulpMir aiid'the Yitriol by the 
liieribods above prefcribed. When the liquor which 
hi^h yielded Vitriol is become thi^k, and no more vl> 
irtolic cryfhls ftooc in it^ they add an eighth part of 
tts weight of putrefied urine^ mixed with a lye 
tmde Si ihe alhes of green wood. Upon thh 
there appears and falls to the bottom a copious oed 
fec&ncnt. " Theydecamthr liquor from thiaprect- 
/|ntate, and when it is dulf evaporated find it* Ihoot 
into beautafolr eryftals of Alum. 

Whatiiath bc^Taid, coftceming the fe^teral m^ 
^trice^ itooi whi<9i Alum is obtained, fufficithtly 
fiipsws ihacit is fcMom folitaty in the waters wim 
which aluminous fiibjefts have been lixiviated. It is 
^moft always aqoompanied widi a certain quantitv 
tif Vitriol,- oc^ other iaiim nttneral matters, whidn 
robftrud tt^ cryft^Uzitf:ionj and prevent its beii^ 
pore. *Tis with a view ta free it from thefe mat- 
ters that the waters impregnated with Alum are 
mixed widi a certain quantity of the lye of fbnae 
^ed AHoafi) or with putrefied urinci which con- 
: ijatns much vohttile Alkjtli; Thefe Alkalis have the 
^property cef ^decolnpounding ail the Neutral fa)cs 
which have for thAbafi&^ either an abibrbent, earth 
or a^f9fcctaHic fubftancc 1 * and fech as hav? a metallic 
-fobfttobe for thehr bafis mor? readily tbart thph 
whofc bafis is an earth. Confequently, if th^ are 
'mi«4 with a liqlior in which both thefe forts of falts 
, arc diflolved, they mufl: decoiaftpound thttfort whofc 
blfis is hietdlic foooer than 1^ other Whofc bafis js 
an earth. This is what comes to pa& in a iblution 
of Alum and Vitriol. The metallic part of th/e 
latter is fepafated from its acid by the Alkalis when • 
mixed with thtt felution ; and 'tis this metallic 
part, which is genqrally iron, that appears iq the 
♦foirm of a reddifh precipitate, as above-mentioned. 

But 
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Bmc hccsnfe AHuKs dccbmpoaod alfotfa^Nettfii 
tial fUtt^ which JuK^d an. earth for dietr faUxs^i oust. 
moft he taken d»at too much thettof be nofe ad4«if^ 
clfe.what jmuput iii| q^tt thaD.isnecc&ry'tD (k^> 
cotnpoutid uie ¥iiaiofic falts ia yotir Ii(|aor>; wiUL io^t, 
tack ihc Alum, and. decompound it dikewife^ < .lO' 
^ The AikaUxnadeufe of to proncMMB tbei^AaUir^ 
zation of die Alum jouia with the y.k|^9UqiiAcidi 
which hud difiblved the fubflanCQii^Jiciw pfcdpiMt^ 
by tr»« and therewith forms dtfiSbent Neudal lal^ocr^ 
ccrdUig CO its particular mtwe. If tte Alkaji be a> 
liEivJom of conunon wood-afhcs, the Neu^l £dt wallr 
be a yttrlolated Tartar ; if a £xiviuif} of the afl^es ^-^ 
a madtiqie plant like Soda» the Neutral £i}t will be ii: 
Glauber'icialt^ if putrefiedjurine, jdieNciitral/altwiijL 
be E vitriolic Ammooiacalialt. SomeofttK&iialtsio^ 
corporate with the Alum, which inlaiga work^ccyili^i*^^ 
lizes in vail lumps ; and hei^ce it come&that ij^QAe 
ibrts of Alum when mixed witha £xQd AikaUimell •, 
like a volatile Alkali. w. . , ^ V 

The cryftals of Alum are oflkaedi!al» , that is, tb^y . 
are foiids with eight fides*. . Thdfe odae^al/^Iids ace . 
triangular py rimidsy . having their ang^i qut gM^ay, fo 
that four of their fiirfaces ai^ fa^agooi^ ;arKl.th(i. 
other four trian^s. . . 

JSulphuri VicrioU. and Alum are the thre^.prinfM 
palfulgbfts in which we certainly know thai the i^airq 
vorfal. or Vitriolic .Aeid.particirfarly jrefidsis, jasi^ 
from which we^extcaa it when we want to Hfve )|c 
pure. . ^Fbr this rcafon we thought it. i?it?jperfx; fee- 
fore we treated of the eKtta^Uon of thia Acid,^ tot. 
fhcw thcmediod of.fepaGa«:i;og.thofQ,nfiftt6erii th^jii-,' 
felvcs from ihe other minerals opt Qf which w^ oth- 
t2Mn them. . j ... 

Moreover, all the other matrices^ Jo which the t 
Vitriolic Acid is moft commonly lodged, m^y te 
referred to one or other of the n>atter&,which ferve 
as bafes to thefe three niinearals. 

To Sulphur we may refer all combinations of the 
Vitriolic Acid with an inflammable matter : but we 

muft 
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muft ^^iicailt^ not ^^onooodfoted / So^phxir JifirBk 
tltoife) Bituirienst'fn whic^'^tfa&fVimoficcAcSd oidf tbe 
£cHlhidi fbv tte bafis o£ tkofe ibicuttien&xis 4i real 
Oil^^; mhfxeis die bafis of Sulphur isLijieppm Phlo* ^^ 
gtflDA!^ ^ ¥ec Of ' Oils chcm&lves containthe^ Fhh^^ . 
ton, whiohin^nibrimcKtfaeVitniirf^i^ 
true- 3td|diQi)y fc4bllow$otha& Aich btameiU insy in, 
a^ertiun^mfpeft betUtSed mch]Stdfitiar»^i ' i > :.■ 

^ThQ&mtiisrtOk^ VitrioL Thdndmeit/ 

ufoally j^^mi toSjidx cdmbmations cmtyas are fbnht) 
edofthe-VItrbllciAcid wMi.IiX)borCp|^^ j«rhlch^' 
niake t^ gpeeti^ and bltkVkriol ; and to^ a tiif ird ^ 
ij^tecies of vitrioti^^ and has Ziiio fbr. 

it&ba(i^>T but as^he ^miotic Acid niay, bypatixw- 
lai^ cothbinatiDn^^ fie unked widi many otha*' mkai^ 
lic^lbbftances^ att fach Mecallic Salts muft be rdfersed ^ 
ta^ttieefefs- of 'V^priols. 

>The fame may alfo belfaid of Alum; which is. f 
nil! other than-a c6mtMnatibn of the Vitriolic Add 
with a particular kind of abfbrbent earch ; fo chat, 
all combinaticna -of tKis Aeid with any dirdi what- 
ever miiy be ph^d in die fame clais. 

' This laft dais jof mixts is the moft exitenHve of: 

all ^at contain tho Vitrioltc Aoid ; becaiiie there ace 

a vafl: many earths, all difiering from one ao6titer» 

wkh which that Acid maybe united* Akdripro* 

pcrfjr fo called, tie Gypfums, TalcSi. Se]|siutefi»^, 

£bl^, . a^^ altvthis other commands crf*^' this kindiv> 

differ fibm ea€h other only in theb particular eardis/- 

' I'hc ^^ftnt properties of thfefe earthy f^ts de*;. 

peAd on the harore of thdr bales. Thole which 

zv§^'i)^ atUtrandus kind remi much water in cryf<- 

tall^ing,'^ which makes them Tery foluble in water, 

and gives them the property of acquiring readily 

the ^quediOfs fluor when expofed to the fire. Thoie 

^i^hich'Bre of die nature cf the Selenites admit but 

v%:ry Utile water in their dryftals, and confequaitly 

are almoft infoluble in water ; nor does the fire give* 

thenv art 'aqueous fluoir. ' Laftly, the GyplUms and 

. > . ' . Talc 
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Talcs are ftiH more deftitatc of thde prop^rffief . 
The natures of theeat^ths b thds federal compounds 
are hitherto but very im pe rfefU y ^Aown^ aod may 
g^ the Chvmifts occafion for enquiries equally en- 
nous and ulefbl. 

The Vitriolic Acid b fomcdoacs found cofnpS* 
cated with a fixed Valine bafis. This is almoft al* 
ways the Alkali of Sea^^fah ; fi> that the compoaix! {a 
a Glauber^s Salt. Soihe mineral waters are impreg- 
nated therewidi ; which happens when dicfe waters 
contain Vitriol or Alum, togcAer with Sea-fidt. 

From die principles laid dov)ft, tn our Elements of 
Ac Theory, it appears that the Vitrioiic /KdA hath 
not fo great an affinity with earthy and metallic fbb^ 
fiances as with fixed AlkaCs ; and a!Hb that tc is 
fbonger than the Maiine Acid^i and hath a gn^atcr 
affioity with fixed Alkalis. Thi^ hemg aliowed, 
Ac generation of native Glauber's Salts is eafily 
accounted for. The Acid of aluminous or VitrioKc 
fdts ouits the eanh or the metal with which it was 
combined, and expelling die Acid of Sea-faft tmhes 
with its bafis. Warmth greatly promotes thcfc dc-* 
cbmpofitions. 

It the common foflil (ak, ufuaBy called Sal Qm^ 
tit any other kind of Sea-fait, ftouH happen to be 
hear a Vulcano. when it difchatges flaming Stil- 
jfcur, as is frequently the cafe, and if this Sulphur 
Ihould run among the Sea-&}t, a Glauber's Salt 
would inftandy be formed m that place ; becaufe 
when Sulphur burns hs Acid is fe p a rate d and fet at 
liberty. 

LalWy, if aluminous or vitridrc matters, or burn- 
ing Sulphur, fliould meet with the alhcs of plants or 
trees confumed by fire, a vitridlated Tartar would 
be formed,^ becaufe thcfc aftics contam a fixed AK 
kali of the fame nature with that of Tartar. 

The Vitriolic Acid when combined with an earthy 
baris adheres ftrongly thereto j fo that the force cf 

fire 
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fire IS gble to expcll very little or none of it. Tliere 

is no way of feparating it from fui:h a bafis, but by 

■* jprelentihg to it ap Alkaline Salt^ with\yhich it will 

'unite :'nor is it ever extradiefj fVom. fuch matters 

Svhen it is required pure. It does noi; a.d]iere fo 

firmly to metallic fubft^flCes v hut is feparated from 

them by the foKe of fire : Vfo that ii; may be obtaitj- 

ed from the feveraf forts of Vitriol. It is ufualiy 

"drlwri from Green Yitripl j that being the cpmBQQQ- 

eft fort, . / * 

As to Sulphiirj the Phlogiftoh which is its balls 

being the fubftance wherewith the VitrioliQ Acid 

'liath the greateff affinity,, it would 'b(5 ^ltpget^ 

impoflible to decompofe it, arid to fepawe'jt? 

Acid, if it were hot inflammable ; but by burning 

it the Phlogifton is deffroyed, and leaves the. Add 1^ 

liberty, ' By this means therefore it may b^ feparatf 

led. We (hall now gi^e the Procefles for .extracting 

the Acid from Vitriol and Sulphur* 

^■11 III I J' i>|l<|ll^>»Wiii!*ia>iNii|iiailMii^^ 1 'iii'iy lUI 11 I -I Mi 
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To etctfaB.the Vitriolic Acid from Credit VitrioL 

TAKE ^^y quantity of Green Vitriol : put it 
in an unglazed earthen yefll^l, an4 heat i^ 
gradually. ' Vapours will foon begin to rife. Encreafe 
the fire a little, arid it will liquefy Jby means o? 
the wat;er contained in '% and acquire what we ealle<| 
an aqueous fiuor; Continue the calcination^ and ic wiu 
becomS Kfs and lefs fluid,' grow thick, and turn of a 
greyifli colpur. Now raife your fire, and keep it 
up till the fait recover its folidity, acquire an.orange 
colour, and begin to grow red where it immediatcr 
ly touches the fides of the veflel. Thep take- if out,, 
ttild reduce" it to powder* 

Put the Vitriol thus <;alcined and pulveri^sed into 

ft good earthen retort, of which one. half at lealt 

^VoL. L Ct ' mwft 
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muft remain empty. Set the retort in a reverbcra- 
tory furnace : fit thereto a large glafs receiver, 
and, having luted the joint well, give fire by de- 
grees. You will foon fee white clouds rife into the 
receiver, which will render it opaque and heat it. 
Continue the fame degree of fire till thcfe clouds dif- 
appear : they will be fuccceded by a liquor which 
will trickle down the fides of the receiver in veins. 
Still keep up the fire to the fame degree as long as 
theft veins appear. When they begin to abate, ea- 
creafe the fire, and pufh it to the utmoft extremity : 
upon this there will come over a black, thick li- 
quor : it will even be found congealed, and prove 
the Icy Oil of Vitriol, if care luth been taken to 
change the receiver, keep the veflels perfeftly cloft, 
and give a fufficient degree of heat. Proceed thus 
till nothing more comes over, or at leafl: very little. 
Let the veflels cool, unlute them, pour the contents 
of the receiver into a bottle, and feal it hermetically. 

OBSER VAriONS. 

Green Vitriol retains much water in cryftalliz- 
ing ; and in order to free it from that fuperfluous 
phlegm, it muft be calcined before you diftill it. 
Without this precaution the operation will be ex^ 
ceedingly protrafted, and a great deal of time waft- 
ed in diflilling fuch a quantity of water ; which 
will moreover greatly weaken the Acid by commix- 
ing with it, unlefs care be taken to change the reci- 
pient as foon as the water is all come over. 

But there is alfo another advantage in calcining 
the Vitriol before you put it into the retort : for 
otherwife this fait would melt on the firft application 
of heat, and run into a mafs ; which would prove 
ar great hindrance to its diftillation. This inconve- 
nience is avoided by a previous calcination, in con- 
fequence whereof the Vitriol is eafily reduced to a 
powder which never becomes fluid. 

Vitriol 
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Vitriol calcined as diredbed in the proceft grows 
fb hard, and adheres fo firmly to the veflel in which 
the calcination is performed, that it requires no fmall 
pains to ieparate and pulverize it. Care muft be 
taken to'put it into the retort as foon as it is pulve- 
rized, tod to flop that veflel very clofe if you do 
not begin the diftillation imtxiediately : for otherwife 
it will naturally attract from the air almoft all th« 
moifture it hath loft. 

If he Acid which Vitriol yields by diftillation is 
fulphureous ; probably becaufe it ftill retains fbme of 
the Phlogifton, with which it was united when under 
the form of Sulphur in the Pyrites ; or clfe hath 
laid hold on a portion of that belonging to the iron 
which fcrved for its bafis in Vitriol. But tjiis ful- 
phureous part is volatile, and flies oflF in time. 

This decompofition of Vitriol in clofe veflels is a 
difficult and laborious procefs. To carry the opera- 
tion to its utmoft perfcftion requires a fire of extreme 
violence, kept up without intermiflion during four 
or five days i fuch in fhort as few veflfels are able to 
bear. Of courfe this operation is feldom performed 
in laboratories. The French Chymifts fetch their Oil 
of Vitriol from Holland, where it is extraded from 
Vitriol in large quantities, by means of furnaces 
crefted for the purpofe, in which many retorts arc 
employed at once. 

In the Memoirs of the Academy of Sciences M. 
Hellot hath given us the moft material circumftances 
of a very fine experiment of this kind, in which he 
pufhed the diftillation of Green Vitriol to the utmoft. 
Into a German retort ♦ he put fix pounds of Greeh 
Englilh Vitriol calcined to redncfs, which he cx- 
pofed to a fire of the extremeft violence, conftantty 
kept up during four days and fpur nighty. At the 
expiration of tbitf time he foupd in the Veflels em« 

0^2 pioycd 
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* They 0t much the b^> aod b^ a vesy fierce heat, . 






l^yed as receivers an Icy Oil of VitrioU which *^as 
altogether in a cryftalline form and blacl^, The prer 
cautions necefiary to make this experiment, fucceed 
he reprefents in the following terms. 

" The fuccefs of this operation, which produces 

V an Oil of Vitriol perfeftly Icy and without any 
•* liquor, depends on the care taken to prevent the 
«< acid vapours, driven by the fire out of Vitriol 
*' calcined to rednefs, from having any communi- 
<• cation with die external air while they are diftil- 
•' ling : for otherwife they will attrad from it 
^* a moifture which will keep them fluid in the re* 
** ceiver. The receiver muft be at fuch a diftancc 
^* from the furnace that it may remain cool enough 
•' for the vapours to condenfe in it. There muft 
** alfo be fulHcient room for thofe vapours to circu* 

late in, and to prevent the fulphureous explofions, 
which are every now and then difcharged out of 
^' the retort, from burfting the veflcls : for though 
^^ the previous Calcination of the Vitriol hath car- 
•* ried oflP the moft volatile, yet there ftill remains 
*' enough' of the inflammable principle, even in 
•* the iron itfelf, to form a Sulphur with the Acid 
^^ as it is extricated, or at leaft a mixt that would 
^* be as ^t to take fire as common Sulphur, if it 

V were not over-dofed witli the Acid. 

•* As the befl: means of gaining thefeends M. 
•* Hellot contrived to adapt to the neck of his re- 

V tort a receiver with two necks, the lowerraoft of 
which was inferted into a large ballon. Receivers 
applied to each other in this manner are calbi. 

V Adopters, 

. " It is fto eafir matter to get this Icy Oil out of 
" the ballon : for as loon as the air touches it fuch 
.^* a thick cloud of fulphureous fumes arifes, that 
*• it is abfolutdy ncceflary to .place the vcflcl oa 
f^ fome ihelf over head^ becaufe a man cannot Hand 

S ** cxpofcd 
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*^ expttfed fliereto for a fingle minute wirimnt being' 
•* fufFocated/' 

Thisricy Acid muft be fhut up with all poffible ex- 
pedition in a cryftal bottle accuratelyclofedwithaglafc 
ftoppJe, whidi:lhould be nibbed with emery in its neck. 
ib astD fitic exaftly : for itattrafts the moifture of 
the air fo |)owerfully that unlefs exceeding great care: 
be taken to prevent all communication with the zx*- 
torn^ air it will foon diflfolve into a fluid. 

'' The Icy Oil is black ; becaufe the acid, vapours 
•• carry over with them fomewhat of a greafy mat- 
* ^ ter, from which Vitriol is feldom free, and whicli- 
** always appears; after repeated folutions and cryf- 
*«. taUizations of this Salt, in the mother- water 
** which will Ihoot no more. Now the fmalleft 
*.* portion of inflammable matter prefently blackens 
« the moft highly reflified Oil of yitriol, which M 
^ perfeftly clear. 

** The Vitriolic Acid,' when forced ova- by ^ vio- 
** lentbc^t, carries along with it fome ferruginous par- 
** ticks allb, that want ndthing but to be united with 
" a Phtogiffon to become true iron. They are ea-< 
^ ffly dilcovered, either m the common black Oil 
^ of Vitritjl, or in the blackifti cryfl:a!s^f the Ic^ 
** Oil> by only diflblving -tfiem ^in a large ^uantit^ 
^ of diftilfcd water : for after feven or eight dayi 
•* digeftion a light powder or downy fedihient preci- 
♦* pitatcs, which being calcined in a violent fire is 
** partly attrafted by the magnet ; and being again 
" calcined with bees-wax becomes almofl: entirely 

The Caput mortuum of this difl:iHation of Vitriol 
is the ferruginous earth of this Salt, and is called 
Colcotbar. When this Colcothar hath undergone a 
tiolent fit«, as m die experiment now related, fcarcc 
iny Add remains therein. Out of fix pounds of 
Vitfioi thM M. Heilor ufed, he could recover no 
more^ by lixiviating what wks left in the retort^ 

0^3 than 
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than two ounces of a Vitriolic Sale '» and even tiA.^ 
was very earthy. 

If Vitriol be expofed to a fire neither fo violent 
nor folong continued, its Colcothar will yield a 
greater quantity of Vitriol that hath not been de- 
compofed. A white cryftalline fait is alfo obtained 
from it, and called Sali of Colcetbar \ which is no 
other than the fnfiall portion of Alum ufually con- 
tainad in Vitriol, and not fo eafily decompd&d by^ 
the aftion of fire. 



PROCESS V. 

3V decompofe Sulfbur^ and extras Us Acid, hy hum^ 

ing it. 

TAKE any quantity of the pureft Sulphur ; fill 
therewith a crucible or other earthen di(h : 
heat it till it melts : then fet it on fire, and when its 
whole furface is lighted place it under a large glafa 
head, fo that the flame of the Sulphur do not touch 
cither its fides or bottom ; that the air have free 
accefs, in order to make the Sulphur bum clear ^ 
that the head inclbe a little toward the fide oxt 
which its beak is, that as the vapours condenfe 
therein the liquor may run off with eafc. To the 
beak of this veflcl fit a receiver : the fumes of the 
lighted Sulphur will be condenfed, and gather into 
drops in the head, out of which they will run ioto 
the receiver. TJiere, when the Sulphur has done 
burning, you will find an Acid liquor, which W tho 
Spirit of Sulphur. 

OBS ERVAr IONS. 

In the burning of Sulphur, the Phlogifton which 

ferves for its bafis is diffipated, arid feparated from 

the Acid ^hich is left at liberty. The acid fumes 

which rife from the lighted fulpbur flrike againil the 

infide 
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•ipfidcpf^the head placed over it, arc there condenfed, 
and appear in the form of a liquor. But as Sulphur, 
lilce aJl other inflammable bodies, Nitre excepted, 
will not burn in clofc veflels, it is neceflary that the 
^ir be freely admitted here ; which occafions the loft 
of a great deal of the Acid of the Sulpliur, as is c- 
vident from the pungent fufibcating fmell perceived 
in the laboratory during the operation. 

This Acid, while combined with the Phlogifton, 
16 incapable of contrafting any union with water j but 
when alone is' very apt to mix therewith : it is even 
properto put fome in its way, that it may incorporate 
therewith as foon as it is difcharged from the Sul- 
phur ; for it is then very free froip phlegm, very 
volatile, and confequently very little difpofed to con- 
denfe into a liquor, but on the contrary very apt to 
fly off in vapours. The water, which it imbibes 
with a kind of avidity, fixes and detains it ; {6 that 
by this means a much greater quantity thereof is 
obtained from Sulphur, than if it were diftilled 
vfithout this precaution. 

It is proper therefore now and then to introduce a 

difli fuU of hot water under the head which receives 

the fvitnes of the Sulphur. The vapours that ex- 

, hale from the water bedew the infide of the head, 

, and procure the advantage we are fpeaking of. 

The fame thing 'may be efFefted feveral other 
l^rays,: thus, the crucible containing the, Sulphur 
may be fet on a foot placed in an earthen difh with 
fome water in it ; which however muft not rife abovft 
the foot ;,for if it fhould reach the crucible, it might 
cool and fix the fulphur. Thfe diih thus prepared 
n)uft be placed on a fand-bath hot enough to make 
the water fmoke continually ; and over all is to be 
placed fhe head as direfted in the proccls. 

The fize and form of the veflel which immediate - 
}y rcceiyes the fulphureous fumes may alfo contri- 

Q^ 4 butc 
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butc to incrcafc the quantity of the Acid Spirit. A 
very large veflel, with a hole at bottom no wider 
|!han is juft fuificient to admit the vapour?, is the 
propereft for this operation. 

After the Sulphur has burnt for ibme time, in 
often happens that a fort of fkln or cruft forms oa 
its lurface, which is not inflammable, but gradually 
Irfens the quantity and vigour of the flame as it in- 
creafes in thicknefs, and at Jafl: puts it quite out. 
This cruft proceeds from the impurities, and hete- 
rogeneous uninflammable particles contained in the 
fulphur. Care muft be taken to remove it with 
kn iron wire as faft as it forms. 

Two quantities of Sulphur may alfo be kept in 
two crucibles, and heated alternately. That in 
which the Sulphur is hot and melted may be fubfti- 
tutcd for the other in which the Sulphur is growa 
cold and fixed ; becaufe cold Sul|Jiur does aot 
burn well. 

The Spirit of Sulphur is at firft pungqnt and vo- 
latile, becaufe it ftill retains a fmall portion of the 
Phlogifton : but that fulphureous part flies off, efr 
pecialiy if the bottk in which the Spirit is kept bj 
left for fome time unftopped. 

The Acid obtained from Sulphur appears by all 
chymicai proofs perfeftly like that obtained from 
Vitriol : they differ in this only that the former is 
the purcft ; for the Acid obtained from Vitriol car- 
ries over with it forne metallic parts, as weobferved 
t)efore, which can never happen to that obtained from 
Svilphur. 

If linnen rags dipped in a folution of Fixed Alt 
kali be expofed to the fumes of burning brimftone, 
the Spirit of Sulphur joins with the Alkali, and 
therewith forms a Vitriolated Tartar. This Salt is 
known to be formed when th,e rags grow flLiS; spd 
appear fpangled with a vaft many glittering points, 

whicii 
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^Wch are nothing but little cryftals of the Salt we 
are fpeakirig of. 

When the Sulpl^ur burns very gently wci flowly 
the Spirit that exhaks from it is fo much the xnoFe 
iulphureous and volatile : and hence the Salt forim4 
by the combination of this Spirit with the Alkali 
cxpofed to it in linnen rags, as in the above- laentir 
oned experiment, is not at firft a VitrioJated Tarjtar^ 
but a Neutral Salt of a particular kind, which f$ 
capable of being dccompofed by any other Minterai 

Acid, the fulphureous Acid having iefs affinity ti^a« 
any of the reft with Alkalis. Nevfsrthekfs this Sak 

becomes in time a true Vitriolatcd Tartar, bec^tiife 

the fulphureous part which' weakened its Acid eafijy 

quits it and flies off! 

' mrmmmmmmmmmmtmmmmmgf^^ \ i ; i i i ■a— ^— : 
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PROCESS VI, 

Ifo cancenrraSe the Vitriolk Add. 
AKE the Vitriolic Acid you intend to concen- 



trate, that is, to dephlegmate and make 
ftronger : pour it into a good glafs retort, of fucb z 
iize that your quantity Or Acid may but half fill it ; 
fet this retort in the fand-bath or a reverberating 
.furnace : fit to it a receiver : lute it on, and give ^ 
gradual fire. There will come over into the recei- 
ver a clear liquor, the firft drops of whkh will be 
but fairttiy Acid : this is the moft aqueous part* 

When the drops begin to follow one another much 
more flowly, r^ife your fire, till the liquor begin to 
bubble a little in the middle. Keep it thus gently 
boiling, till one half or two thirds thereof be come 
over into the receiver. Then let your veffels cool ; 
unlute them 5 what remains in the retort pour into 
a cryftal bottle, and flop it exadly with a glaft 
ftopple rubbed with ^mery. 

OB&ER- 
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OBS ERVAriONS. 

Thi Acid obtained from Sulphur is generally 
Tfcry aqueous ; cither becaufe in preparing it water 
muft ricceffarily be adminiftered, that it may unite 
therewith as it feparates from the S ulphur ; or be- 
caufe it is fo greedy of moifture'as to attraft a great 
deal from the air, which muft needs be admitted to 
make the Sulphur bum. 

The Acid obtained from Vitriol, excepting that 
which riles laft, is alfo mixed with a pretty confide- 
rable quantity of phlegm ; becaufe the Vitrio?, 
though calcined, ftill retains a great deal thereof, 
which rifes with the Acid in diftillatipn. Now, as 
, there are many chymical experiments that will not 
fucceed without Acids exceedingly dephlegmated, 
k is proper to have in a laboratory all the Acids 
thus conditioned •, becaufe, if they happen to be 
too ftrong for particular operations, as is fometimcs 
the cafe, it is very eafy to lower them to the defired 
d^ee, by adding a fufficient quantity of water. 

The Vitriolic Acid is much heavier and much left 
volatile than water. If therefore a mixture of thefe 
two liquors be expofed to the fire» the aqueous part 
will rife with a degree of heat which is not able to 
carry up the Acid : by this means they may be fe- 
paratcd from each other ; and thus is the Vitriolic 
Acid concentrated. 

Neverthelefs, as this Acid combines moft clofely 
with water, and is in a manner ftrongly connefted 
with it, the water carries upfome portion thereof along 
with it ; and hences it comes that the liquor which 
rifes into the receiver is Acid : it is called Spirit of 
Vittiol. 

As the fire carries off the moft aqueous part, 
the other which remains in the retort increafes in 
Ipecific gravity. The Acid particles, are brought 
nearer together, retain the aqueous particles more 

obfti^ 
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obftinately, and therefore to feparatc them the dc- • 
gree of heat muft be increafed. 

It is ufual to draw oflF one half or two thirds of 
the liquor that was put into the retort : but this de* 
pcnds on the degree of ftrength the Acid was Qf be- 
fore concentration, and the degree of concentradion 
intended to be given it. 

If Ae Acid to be concentrated be Oil of Vitriol, 
from being brown or black it grows clearer as'tl^ 
operation advances, and at laft becomes pctft6tiy 
cplo'urlefs and tranfoarent ; becaufe the fat matter, 
which tinned it black, is diflipated during the pro- 
ceft. ^ Some of it depofites a white cryftalline ^arth. 

A illlphureous fmell is generally perceived abo«t 
the veflels in this operation. This arifes from a. 
fmall portion of the Phlogifton from which the 
Acid is not free ; ^nd *tis this inflammable matter 
which gives the Oil of Vitriol its black colour : for 
the cleareft and beft reftified* Oil of Vitriol will be- 
come brown, and even black, in a fhort time, if any 
inflammable matter, though in a very fmall quanti- 
ty, be diffolved therein. 

The vefltls are luted in this operation; to prevent 
any tefe of the Spirit of Vitriol, which being very 
acid is of ufe in many chymical experiments, and 
may itfclf alfo be again concentrated. ■ 

' Weobferved that in this operation it i^iiecd&ry 
the retort (hould be of very good glafe. Indeed die 
Acid is fo aftive and fo ftrong, that, if the |^b& be 
tender and have a little too much fait in its compo- 
jition, it will be fo corroded thereby that it will fall 
to pieces. . i .' 

Though we direfted die retort to* be fet m 3, fund- 
bath for this operation, it does not follow that it 
may not alio be placed in a naked fiie : on the con- 
trary, when the heat is not conveyed through a bath 
the deration advances fader, and is much leis te- 
dious. But then great caution mufl: be ufed, and 

the 
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the ckrfeft attention ghren to the management of 
the fire, which muft oe raifed by almoft impercep- 
tible degrees, efpeciallyat the beginning of the ope- 
ration ; othcrwUc it is next to a certainty that the 
•reflfek wiH break. In general, a naked fire may be 
employed in almoft alt diftillations which require a 
greater degree of heat than that of boiling water, 
or the balneum maria : the operation will be fooner 
finilhed ; but it rec^ires an experienced hand, that 
has by pra6Hce acquired a habit of governing the 
fire with judgment. 

There is moreover another advantage in not ufing 
the fand-bath *, which is, that if in the time of the 
operation you perceive the fire too fierce, you can 
quickly check it, either by flopping cloTe all the 
apertures of the furnlce, or by drawing out all or 
part of the lighted coals. This inconvenience 
is not near fo eafiJy remedied when you ufe die 
fand-bath ; becaufe when once heated, it retains 
its heat very long after the fire is quite extin- 
guiihed. 



PROCESS VU. 

fo decompofe Vitriolated Tartar by mtans of the Phb^ 
giftcn ; or to compofe Sulphur by combining the Vi^ 
tricUc Acid with the Fhhgijton. 

TAKE equal parts of Vitriolated Tartar, and 
very dry Salt of Tartar, feparately reduced 
to powder ; add an eighth part of their weight of 
charcoal-duff ; and mix the whole together very 
accurately. Throw tliis mixture into a red hot 
crucible, placed in a furnace filled with burning 
coals. Cover it very clofe, and keep it very hot, 
till the mixture melt, wliich may be known by un- 
covcriiig the crucible from time to time. There 

urill 
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^ill then appear a blueifli flame, accompanied with 
^ pungent fmell of Sulphur. 

Take the crucible -out of the fii .e : diflblve its 
contents in hot water : filter the folution through 
brown paper fupported by a glafe funnel : drop in- 
to the filtered liquor by little and little any Acid 
whatever. As you add the Acid the liquor will grow 
more and more turbid, and let fall a grey precipi- 
tate. Continue dropping in more Acid till the li- 
quor will yield no more precipitate. Filter it a fe- 
cond time, to feparate it from the precipitate : wluc 
remains on the filter is a true inflammable Sulphur, 
which you may either melt or fublime into flowers^ 

OBSERVATIONS. 
AlIi bodies that contain the Vitriolic Acid may 
contribute, as well as Vitriolated Tartar, to the ge- 
neration of Sulphur : fo that all the neutral Salta 
' in which this Acid is a principle, the Alums, Sele- 
nites, Gypfums, Vitriols, may be fubflututed for it 
in this experiment. All thefe matters, with die 
addition of charcoai-duft only, being fufcd in a 
crucible,* conftantly' produce Sulphur ; becaufe the 
Vitriolic Acid, having a greater affinity with the 
Phlogifton than with anything elfe, will quit its ba- 
fis, whatever it be, to join with the Phlogifton of 
the charcoal, and therewith form a Sulphur. 

The fixed Alkali added thereto helps to promote 
the fufion of the ingredients, which is neceflary for 
cffedting the dcGred combination. It alfo ferves ta 
unite with the Sulphur, when formed ; and .thusi 
makes the combination called Livtr of Sulphur^ 
which prevents the Sulphur from being confumed as 
Ibon as formed : for the fixed Alkalis, which are in- 
combuftible, hinder Sulphur from burning fo eafily 
as it would do if they were not joined with it. 
They may afterwards be feparated from each other, 
by the means of any Acid whatever. 
• Thift 
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This procds, in which Sulphur is regenerattcj, 
by re-combining tx)gether the principles of wiiich* 
k was originally compoiedi is one of the moISi beau^ 
tiful experiments that nH)dern Chymiftry hat& 
produced. We art indebted for it to M. Stahl ^ and 
Doftor Geoffioy hath given a parucular account of 
it in the Memoirs of the Academy of Sciences. 

Before thefe gentlemen Glauber and Boyle bad 
indeed publi(hed methods of producing Sulphur. 
Glauber made ufe of his Sal mirabile and powdered 
charcoal : Boyle employed the Vitriolic Add and 
. Oil of Turpentine. But neither of thofe Chymifts 
underftood the true theory of their operations : they 
did not thoroughly know the principles of Sulphur : 
they did not im^ne they had compofed Sulphur ; 
they thought they only extraded what they fuppof- 
ed to exift previoufly in the matters they enlployed 
in their experiments. 

M. Stahl was the firft who difcovcred and explain- 
ed the nature of Sulphur, and proved that in Glau- 
ber's and Boyle's experiments Sulphur was adhaally 
produced, by uniting together the principles of 
which it is conftituted. This beautiful experiment 
gives the ftrongeft luftrc of evidence to the theory 
of the compofition of that mixt , which a6ts fuch 
a capital part in Chymiftry -, and it can no longer 
be doubted diat Sulphur is aftually a combination 
of the Vitriolic Acid with the Phlogifton. 

Bcfides this important truth, our procefs for com- 
pofing Sulphur by art proves feveral others that arc 
equally effential and fundamental. 

The firft is that the Vitriolic Acid hath a greater 
affinity with the Phlogiflpn than with any other 
thing, feeing it quits metallic and earthy fubftances, as 
well as Alkaline falts, in order to combine therewith. 
The fecond is that Sulphur combines with fixed 
Alkalis without fufFering any decompofition ; feeing * 

it 
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U may be feparated from them entire and unaltered j 
and feeing that very Sulphur, which is naturally in* 
diflbluble in water, is rendered foluble therein by 
the union it hath contracted wit^ the fixed Alkali. 

The third is that the Vitriolic Acid, which when 
it is pure hath the greatcft affinity with Alkalis ot 
any Acid whatever, lofes a great deal of that sdfi* 
nity by contrafting an union with the Phlogifton 1 
feeing the weakeft Acids are capable of dccompofing 
the Liver of Sulphur, and feparating the Sulphur 
from the Alkali. And this alfo confirms one of the 
general propofidons concerning affinities advanced in 
oiir theory ; to wit, that the affinities of compound 
or mixed fubflances are weaker than • thofe of the 
fame fubftances in a purer or more fimple ftate. 



CHAP. IL 

Of the Nitrous Acid. 



PROCESS I. 

^0 extraU Nitre out of nitrous Earths and Stones.. 
The Purification of Salt Petre, Mother of Nitre. 
Magnejia. 

TAKE any quantity of nitrous earths or ftones j 
reduce them to powder ; and therewith mix 
a third part of the afhes of green- wood and quick- 
lime. Put this mixture into a barrel or vat, and 
pour on it hot water to al^out twice the weight of 
the whole mafs. Let it fland thus for twenty four 
hourS) ftirring it from time to time with a ftick... 
Then filter the liquor through brown paper, or pafs 
it through a flannel bag, till it come clear : it- will 
then have a ycUowilh colour. Boil this liquor, and 
evaporate till you perceive that a drop of it let fall 

on 
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on any cold body coagulates. Then ftop tlie cW^ 
poracioD, and fet yoar liquor in a cool placer. ^ hi 
ihc fjpace of four and twenty hours cryftals SiWB 
be formed in ic, the figure of which is that of 
aa hexagonal prilm^ having its oppolite planes rc- 
nentUy equaU and terminated at each extremity by 
a pyramid of the fame number of fides. ' iTicfe 
' CFyftal& will be of a brownifh colour, and deflagrate 
osra live coal. 

Decant the liquor from thefe cryftals ; triix it \^A 
twice its weight of hot waecr ; evaporate ' and ctyf- 
tallize a6« before. Repeat the ^me operation tJH thtf 
liquoi* will yield no more cryftals'.* it wilt then b6 
very thick, and goes by the name oi Mother of Nitre. 

OBS ERVAr IONS. 

Earths and ftones that have been impregnate^ 
with animal or vegetable Juices fufceptible of pu* 
trcfaftion, and have been long expofed to the air, 
but flieltered from the fun and rain, are thofe wKich 
yield the greateft quantity of Nitre. But all forts 
of earths and- ftones are not equally fit to produce it. 
None is ever found in flints or fands of a cryftalline 
nature. 

Some earths and ftones abound fo ^idi Nitre^ 
that it efflorefccs Ipontaneoufly on their furfacc, id 
the form of a cryftalline down. This Nitre may 
be collefted with brooms, and accordingly has th6 
name of SaU-Petre Sweepings. Some of this ibrt is 
brought from India. 

Hitherto we are much in the dark as to the pri- 
^n and generation of Nitre. Some Chymifts pr6- . 
tend that the Nitrous Add is diffufed through the 
air, and gradually depofited in fuch earths and ftonei^ 
as are qualified to receive it* 

Others, confidering that none of it is ever oh* 

twined but from earths that have been impregnatcct 

with' vegetable or animal juices, have from theiKe 

• - i concluded 
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tx>hcluded diofc two kingdoms, to be the general 
repodtorks of the Nitrous Acid ; that if we do not 
perceive it to exift in fuch matters at all, or at leaft^ 
ift any great quantity, till they hive Undergone pu- ' 
trefadion, and are in fome meafure incorporated 
with fuitable earths ind fto^cs, 'tis becaufe the Acid; 
is fo entangled With heterogeneous particles that .it - 
requires the afliftance of putrefaftion, and much ' 
xfiore of fikration through an earth, to difengage it, 
and enable it to appear in its proper nature*. 

Laftly, others arc of opinion that this Acid is no 
other than the univcrfal or Vitriolic Acid'; difguifed . 
indeed by a portion of the Phlc^ifton, which is com- 
bined with it in a peculiar manner by the means of 
putfefaftion. They ground this oplrildn chiefly 
on the analogy or refemblance which they find be-" 
tween the Nitrous Acid and the Volatile Sulphure- 
ous Spirit. Its volatility, its' pungent fmell, its 
properties of taking fire, and of deftrbyijig the blue 
and violet colours of vegetables, ferve them as fo 
many proofs. ' . . 

Their opinion js the more, probable On this account, ' 
that even though the Nitrous Acid (hould aftually 
be produced by vegetable and animal fubftancesi, yet 
as thefe fubftances themfelves draw * all their com- 
ponent principles from the earth, and as the Vitri- 
olic Acid is diftufed through all the foils which, 
afford them nourifhnrient, there is great reafon to * 
think that the Nitrous Add is no other than th« 
Vitriolic Acid altereiJ' by the changes and combina-* 
tions it hath undergoile -in its paiTage into and thro*, 
thofe fubftanGes, In 1750 the Royal Academy of* 
Sciences at Berlin propofed an account of the gene- 
ration of Nitre as the fubjeft for their prize, which 
was conferred on a Memoir wherein this laft opini-^ 
on was fupported by fome new and very judicious- 
experiments. 
Vol. I. . R Tht 






The prpcffe by whicji our, ^^-pc^ malcCT* . 
tra£l Kitre rp quantitiea, out oi^ rubbUI^ a^ mjQfOuat 
earths, , is vq^y nearly the hn^ wit^ ih^t- hpiie iht 
d'qwn : fo that J iball not" pnter .into a p^ftifi^^i:-^ 
accwnt of i^tj. I /hall bnl;^ ^kc npticc o^ opjj. ^(hiiDfl^ ,: 
Whicli it i& C!( focpf cooteij^ijcq tp l^nos^.5;,fj|ijlp-,.. 
Ij, that there is oo riuyous^ eartl^ whkh 4r^- 99!tr- 
contain fea^falt alfp.. ...th^ gm^ q^a«^«f «i.: 
this felt a^ to ^ found in. tk^k Cfu^'vtjoffh.i^^ 
been drenqied with urine or ptber finimij fa^^> 
ments. I^ow^sthe i^ibbiili q^ 9)0 hp(i^'yii^g:9sit . 
atics* is in"t;his clafe/ it ^(imji^Si tqpa&xha^ y^^ ^ 
Stvlt-petre workers evaporate ^ ^itmuf li4vi4ip3^d|'45Kft, 
frbrn that riabbifh, ^^,^^ ^.thf ?yapqr^9ft, ijt 
bfought to a ceija|n^pitf:l^, j^^r^ many liftl^ii^iyt 
t?^l?^ q( fea^iak form in the lifluor, ^ fall «»^tlm 
bottom of the veflcl. 

Tlvr S^lt-petJrp workers in Fra^re jcs^ th^ i^iiw 
particles ibe Grainy apji take, grcaf c^e .to,.4tW?*«» 
t^ni from. tKe liquGjc, (which as, Iqijg a^ it cqntinu«*i 
hot keeps the falt-petre diffolved) beforp. tljpy, fet: it; 
to cr^ljztf, This f}\£ii {p^m ^ littlpXipfiiJv>.cqri- 
ndcripg that fcarfalt diflolvcs. ii^ w^ter. njqjr? caCijf. 
t^ab f^t-pctjq, a^^ wi;hi mor^^digRluixj,,, 

'In order to dilTOver thecaufc^oCthis,phffaP1»iPPftv 
wp muft.rpc^lle&.loipe.truth^ ^^yo'edip Qiythcjakf 
rf;tiaa;Elq!}cnts,' the fyA K ^i ^Aw m k«ite 

I %it a^ detprminatc cm^mtity, of; ^y fak i^^ H^mt 
and t|^t if water fully ^tujrated wjth auh bq^qirjy^.^ 
rajed; a, quaptity 'ctf faftwiH cry|laliizc Jq tmQK^ 
, ^^^^.P^m^PV ofw^tej;,cv^ieoi?ited,. The; fqcftiwJi 
ijjp^ th^t thole falt§ whjch^aj^ thij;.mqftfolublean:,v|^^^ 

. ttj, partifuffriy th9% whifiKpOn in th«{ ajr,. ^yi difr. 
folypincoldfaj^ in,qoi|i9jg.wi^^ wji«iitf»i 

ii)uch greater; qH^irie;iqCthp.Qthcr fa|tjLw.ilJ,di<S)ly«^ 
in hot and Jx>iiing.wa]Ccr thap> coldw^r^ Thcfo 
things being admitted, when we know th^ S^^-^t^ 
ti ope of the firft forr, a{id falt-petre of thr icKppd, 

die 



t"fti^eif&rt' whjTe^-falCprciltjitafes fn the preparation 

oP'fiIe-j)rfre* ijrfii's'rs af oiice. ^or . , , , . 

"WheA" the' lolutibn of laft-pctre and fca-falt.cp.ini^ 

to lie e^ivArSted to fugh a degree 'tha'tt cbntam's a^^ 

miMl fta-IalraS it Jwflibly can, this lalt'^rAuftbegjii]' 

taf trfftalliie," and continue to. do fo gradually i^' 

tKe ihrajitri'atioh ^dvanctfs. Fut because at the i^rne 

tiAte it dtiW rtbt coHtaip as" nnj.ch falt-pctrc' as it can^' 

li6W, ftfer^ifiSc'^feabftof dipolvihg?mucfi greater 

qiitotity thtfcSf miA it" is boiling hot than whci^_ 

it. is coM, this latt named fait will not cryitallize fo' 

Ibb^. H ttie evaporatioA we|fe contiriueil till the. 

ctfc of tfe &lr-pfetrc came to be the farriewUVtha^ 

vf the {i:A-0i, tlWri the falt'-petrc alfo itoulil b?gin^ 

to ' tryl^liiift g/adually in prdpbnibp td,,the watej 

eVatibhlied,' *nd tlie'two jSjts'woqld'coniinUe^cfryf- 

tSlHiihg' profrtifcuotifly togethejj: biiut Is'iievefc^r-I 

riWlferarj riof is it ever neceffa^'V for ?s th? Wattr 

iJdMSit becorHes'm6reaiid more incapable of hoid^^ 

i|^ in' Iblut'iOn tKe lame quantity of lall-petre' as 

■flrtltn'iftfasbbilmgiiot. , ., - .^ j .j 

AliS'thtirt'ctimes. the' veiy reverie, wi£h'r^ir4.W 

the cryftallizirig of the two falts-,' for then the SaK-*" 

rifti^ IKtAts, aJid not' the Sea-falt. ^Th^ ^afon^^of 

Oiis'fM^'altblS' Prided on wKat ha5'"juft' bega faid^ 

T^'i^-faTr. rf which cold water wllrdiffoi're^ 

rfiiUft aS' bbinflig wifer, ' and which pwed^i^.'fryttaT^ 

lilSAg'WforC oril^'tb^t^' evaporation^ now ceat^s 1^ 

cryftilifec as foon'as'theVcaporatiin.ce^^s j while 

thf Sak-ipSrt*' TShicH' the 'Water kepi' difolve'd "ofil? 

becaufd it was'l)6ilin|^h6"r, is forced to^Vrylt^fee 

infctely'w'tf)i:''tttdling'6f' the water, - ' . . '' 

-wm'- th^ rdkabn ;pf s^t^petft' i 

riiarty^ci^alsoftfut'Ji^rasitcanyie 

' ihs'a^n tvapdrafetl,^ ahc!'^ein|'_tli i 

cOol yields rAore'cryflfaT^I , And uiW !, 

efepoVatirig ' ahd cryttalliz'hgi ' tilf tl I 
ilK)ntnt>more*cr|ttali{.'*' Iftefda'^n-th 

■ - R 2 petre 
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pctrc cryftallizcs, the proportion of Sca-£alc to 
the diflblving liquor increafes ; and as a certaia 
quantity of water evaporates alfo during the time 
employed in cryftallizing the Salt:*petrb, 'a quancky 
of Sea- fait, proportioned, to the water lb tvaporat- 
ing, mud cryftallize in that ti/ne 2 and this is die 
reafon why Salt-pctre is adulterated with a mixture.' 
of Sea-falt. It likewife follows that the laft cryftab* 
of Nitre, obcaincd from a Iblution of Saltpetre 
and Sea-falt, contain much more Sea-falt than the 
firft. 

From all that has been faid concerning the cryf- 
tallization of Salt-petre and Sea- fait, it is ealy to 
deduce the proper way of purifying the former e[ 
theie two Salts from a mixture of the latter. For 
this purpofe the Salt^petre p be refined need only 
be diflblved in fair water. The proportion T>ctwcen 
the two falts id this fecond folution is very. difS^ient 
from what it was in the former ; for it contains no 
more Sea-falt than what had cryftallized along with 
the Salt-petre under favour of the evaporation, the: 
reft having been left diflblved in the liquor that re- 
fuicd to yield any more nitrous cryftals. 

As there is therefore a much greater quantity of 
Saltpetre than of Sea-falt in this fecond lbluti<»i. It 
is eafy to evaporate it to fuch a degree that a great 
deal of Salt-petre Ihall cryftallize, while-much more 
of the water muft neceffarily be. evaporated before 
any of the Sea- (alt will cryftallize. 

However, the Salt-petre is not yet entifely freed 
from all mixture of Sea-falt by this firft purification » 
for the cryftals obtained from this liquor,- in which 
Sea-rfalt b diflblved, are ftill encrufted, and, as ft 
were, infe£i;ed therewith : hence it comes, that, to 
refine the Salt-petre thoroughly, thefe cryftallizad- 
ons.muft be repeated four or five times. 
' The Salt-petre .men commonly content thcmfelves 
with cryftallizing it thrice, and call the produce Salt- 
petre 
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ppf i;,c jrf jthc lirft, fccond, or third fhpot, atcord* 
ing to (he nUfnber of cryllallifzations it has un* 
^^£f>P^y 'B\it. their beft refined Salt-petre, even 
tha{ o|'t|^e. third (hooting, is not yet fuHkientljr 
pqre for, PWmical experiments that require much' 
accurac}f.::i9 that it txi&ift be further purified, but^ 
fti|l by the kxnfi method. 

The Isfltroiis Acid is .not pure in the earths ^nd 
ilpne;, froni wjhich k is cxtraded. It is combined 
partly with the very earth in which it is formed, and 
partly with the Vdatile Alkali produced by the pu- 
crefad;J9i\ of the vegetable or animal matters that 
concuifrjefj to its geaeradon.^ A Fixed Alkali and 
Quick4in)C are added to the lixivium of a nitrous 
earth, , in Qrder to decompofe the nitrous Salts form- - 
ed in th^ft eanb, , and to feparate the Acid from the 
Volatiie AJk^i and the abibrbent earth with which 
it is united : ithence comes that copious fedtm^K 
•which appears in the lye at the beginning of the c- 
vjaporatiOQt Thefe/ matters form with that Acid a 
tn^e Nitre^ mpch mone capable than the original 
Nitrous Salts qf cryftallization, detonation, and the 
onber pipperries which are eflential thereto. The 
b^fi$ of Nilire is therefore a Fixed Alkali mixed with 
a, little lime. ^ j . 

- The Mother of Nitre, which will yield rib *m6re* 
cryftab, i$ brown apd thick : by evaporation -dver 
a fire it is further infpii&ted, and bec6mes*^ dry, 
fd|d b<^?Jy i which however being left to'kfetf fix)ti 
giyeil,: ^^ruQs into a liquor. This water flill con-^' 
qfips a good i^ Qf Nitre, Sea-falt, and the Acids 
of ^efe,. Salts united with an abforbent eardi I^ 
<;^tains moreover a great deal of a &t, yiicid matx 
teik which prevents its. cryftalKzing. ; -t ! ^'' 
All faiine folutions in. general, attcn* havii^ yieid*4 
cd;^ cert^ qu^antity of ciyftals, grow thicks atid 
tei^fe to part with wy naorc, though they ftiU cc^if^ 
t»a,niuch Salt. They are all called Mother-waters^ at 
^' R g well 
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weU as that which hath yidded Nitre. Tb^ A&o^ 
ther-waters c£ diflfereht Salts piay prove the. ^bieGDi 

cunous and ufenil qiqumes. -* 

If a Fixed Alkali be mixed with the Nf other ci 
Nitrc» a c<^ious white precipitate imxnediateljr. fHli^ 
which being coHe^d and dried is called ^agm^rn^ 
This precij^tate is nothing but' the ablcffbe^ e^^ 
^4hat was united with the Nitrous Acid, tc^t^ 
with a good cleal of the lime that ^7^ ^dcxl; «x| 
^ibs alio united witli that Acid, from wl^ich tfie]^ are 
IM)W (tparated by the Fixed Alkali," ^cqrding CO t&e 
ufiis|l laws of aflSnities. 

The Vitriolic Acid poured upon Mother of Ni- 
tre caufcs many Acid vapours t^ rife, which arc 
a compound of the nitrous and marine Acids, that 
is, an ;^ii Tigia. On this occafion alfo there &Ils 
a large quantity of a white powder, which is iiill 
called Mdgmftd ; yet it differs frorn the, former in' 
that it is not, like It, * a pure abforbent earth, but 
(ornbitoed with the Vitriolic Acid. 

An Aifua rms may alio be drawn from nitrous 
earths by the ferce 0^ fire only, without the hdpci 

iti^ addiument. ' - \ 

• * • 

PROCESS H, 

pf itcompoh Nitre hy mfans ef, tbe^ PM^g^. Vk 
iff fixed kx QharcoaU Clyffi^ of, mtf. SftI Ife- 
lycVcftptp. 

^'^AK£ the pureft Salt-pctre in powdrt i pfltit 
; ' into a large crucible, which It may bUt hkjf 
fill ; ict the crucible in a dbmnion furnace; and fur* 
round. It wit|> coals. Wh^n it; is red-hot Ihe iSitrc 
will melt, and tycbme a$ fluid as wilter. ./'^^ 
ififoii^ iptothe crucible a fo^aU quantity 6f c!&rc^- 
duft : the. Nitre andthe chara>al;WiIl ii^tn^iatelm^ 
flagrate wHh Violence'; and^gtjpat c<)mtiiotion wl^ 

* raife^ 
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!. raifed, ^om^ied w!9i k cortfidertblfhifflng, ind, 
' rfbundaitcc of black fnidltfe. As the cbircctal waftes: 

the detonation will abate, and ceafe entirely ai foon 
' afe the fcbili fs quitfe confomed. 
I Th6n thnirtr into the Crocibie the fimle quantity 

I of charcoal-duft as before, and thf fin* phenome- 
' nd will b(! Repeated. Let this coal alio be confum^ 
I cd : then add more, and goon in the fame manned 
f en yoiicaft excite noftnrthtr defloration -, tCl-i&yn 
' ftbfcrviAg to let the biffmha coal be entirely confiim- ■ 
! <d before you add any frem. When no deflagratidrf 

enfues, the matter contained in the crucible will hav(i' 

loft much" of its fluidity. ' 

OBSERVAriONS. 

thirst Will not t^e fire, unlcfs the infUmiiiable 
matter added to it be ^ihially burning, or the Nitrb 
hfelf red-hot, and fo thoroughly ignited as'immedi- 
4tdy to kindle it. Therefore, if you wotild pn> 
cure the detonation of Nitre with charcoal, and 
makt lift of cold charcoal, as in the frocefi', th<^ 
Sitre in the cfucible mult'be red-hor, and in perft£^ 
. foRott : bat you may alfo ufe live coals, and then 

&9 Nitre need not be itd-hot 

It is proper that the criicible ufed in this experi- 
ment rtwiild be only half full ; for during the deto- 
mAotk, its c6nRnts fwell, and might run over-with- 
out this precaution. For the fame reaibn the char- ' 
- coaj-duft is to be thrdwn in by little and Ktde,i and 
,ihat firft- put in muft be entirely confumecj before 
, any frc(h bti added. . „ , ^ 

Th? ihatter remaiiiing in the cruiSblc aftcr'tb^ 
bptrair ili. jpteingci- 

pifed mbiftu're ^re- 

of, an led Atkalizated 

ftare^ alk'allzatelafiy 

- ■ - ■ ' -'yi^^Hy, 



However^ this Alluli .is^o( at^ifoluiiqly puroik h 
.(till coptalps A pomon of the Nitrci chac harJb pat 
|)een decompoled : for when there remains but. a lit- 
tle of thU Salt mixed wilh a gjf€9t\<i^mdt^, <^ Al- 
kai(y. ^which ^s not ioflammabk) the Alkali in ibmc 
njcafure ihcj^" it, cpats it over, and crf>ftru<as that 
immediate contact with. tbe.inBanunable matters ap<- 
plied, . which is neccfiary to make it deflagrate. 

If the. Fixed Alkali be defired perfedly free from 
any mixtvyrc.of updecon^ofcd Nitre, the fire about 
the grupible. muH be conflderably increaied as iboa 
is the detqnation is e^itirdy over ^ the matter tnuft 
be made to flow, which requires a much (trbnger 
heat than would melt Nitre^ and kept thus in fulioii 
for about an hour. After this no perfe& Nitre will 
be fouBd therein : for the little that was left, being 
unable to abide the force of the fire, as not being 
extremely fixed, either is entirely dilCpated, or Jofes 
its Aci^,^ which is carried off by the violence of the 
heat. 

■ 

Fixed Nitre conuins alfo a portion of the earth 
that conftituted the bafis of the Nitre, which is no 
other than the lirne employed in its cryftallizafion, or 
elfe fome of the earth with which its Acid, was orijgi- 
nally combined, and which it retained in cryftallizing* 
When Nitre is deflagrated with fuch matters as pro* 
duce aflies, thefe aflies likewife furnilh a certain quan* 
tity cf earth, which mixes with the Fixed Alkali. To 
feparate thefe feveral earths from the Alkali, OO' 
thing more is requifite than to let thtmxunper d^Hr 
guiw?^ or to diflblve them in water, and filter the 
folution through brown, paper. Whatever is faline. 
will pafs through the filtre with.^he water^ .aad.tbc 
earthy part will be left upon it. - , ,,,,.. 
, The Kitrous Acid is not only diffip^tod j,diirii!g 
the : deflagration of the Nitre^ . but is ex^a4e(hoyp 
^, ' and' perfedly decom[:pled. ' TTie fmoki ihs^ 
rifes louring the operatiOBi has, not the Icaft oao^f nqf 

an 



lin AcMh Its nature may btf accurately examined 
by catching it in proper vefiels, and condenfing it 
into> a liquor. 

Nitre diflfers from Sulphur, and from all other in- 
flammable bodies whatever, in this, that the free ac- 
c^efs of the air i^ indUpienfably nectflary to msdce any 
<tf the others bum ; whereas Nltre,^ arid Nitre only, 
is capable of burning in clofe vefiels : and this pro* 
perty furnidies us with the means of colle6ting the 
.vapours v^ich it difirhaiges in deflagratidh. 

^For this purpofe to a tubulated earthen retort you 
muft fit two or three large adopters : ftt the retort 
in a furnace ; and under it make a fire fufficient to 
Jceep its bottom moderately red. Then take a fmall 
quantity, two or three pinches for example, of a 
mixture of three parts of Niti^ with one df char- 
coal*<luft, and drop it into the retort through its 
tube, which muft be uppermoft, and immediately 
ftopped clofe. A detonation inftantly enfues, and 
the vapours that rife from the inflamed mixture of 
Nitre tod charcoal, pafling oirt through the neck 
of the retort into the adopters^ circulate therein for 
a while, and at laft condehfe into a liquor. 

When the detonation is over, and the vapours 
conden^, or nearly fo, drop into the retort ano- 
ther equal quantity of the mixture ; and repeat this 
till you find there is liquor enough in the recipients 
to be examined with eafe and accuracy. This liquor 
is almoft infipid, and fhews no tokens of acidity i 
or at mpft but very flight ones. It is called Clyjfus 
of Nitre. 

. It is'Cafy to perceive why feveral adopters are re- 
quired in this experiment, and why a very fmall 
quantity of the mixture muft be introduced into the 
j^tort at ohce.' The explpfibn, and the quantity of 
atf artd^ ^pJdU» difchargrf on this occ^fiofti' would 
quickly teiril'^he. veffds,'if'all thefe' precautions 
mtt$> ttot attended to.^ Thisfilainly appears from 

the 
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the terrible efieds of gon^powd^r^ whkh is nothing 
but a compoficion of Nitre, Sulphur, land Charcoaf. 
Nitre is alfo decompofed and takes $rte by the 
meansr of Sulphur ; but the Circumftances an o the 
refiilt difier widely from thofe prodOced thaitwiA 
by charcoal, or any other tnflantmable body^. ' 

Nitre deflagrates whh Sulphur on account of tie 
Phlog^fton which the latter contafais: If one pm 
of Sulfur be mixed with two or three part^ of Nt- 
tre, and the mbttore dtt^own by Rttfe and little itiX6 . 
' a red*hot crucible, upon every prc^edjon tb^e aiifo 
a^dctonation accompanied with a vivid flamie. 

The vapours dilchar^ on this occaikm hate 
tilt min^d fmdl of a Sulphureous^ Spirit Aid Spi* 
tit of Nitre ^ and if they be coHefied by ineaifs ctf* 
a, tubulated retort, and fuch an apparatus of velfefe 
aa was ufed in the pi^ceding experiment, the hqiH>t 
contained in the recipients is- found to be an adhia! 
mixture of the Acid of Sulphur, the Siilpht»e6u& 
Spirit, and the Acid of Nitre ^ the firft being xM 
^sater quantity thart the Other two^ and die fecdnd 
greatser than the laft. 

Nor is the remainder after detonation a FixedlAJ- 
kali, aa inthe former experiments ; but a Neutral 
Salt» confifting ei the Acid of Sulphur coinbihed 
with, the Alkali of Nitre ; albrt of Vitriolattd>Ta*^- 
tar, known in medicine by the namb of Sal P^- 
ghrefium. 

There are evidently two effcntial difFerenCtt be- 
tween this lail experimait-and the preceding onk 
What remains after the deflagration of Nitre wi^i 
Sulphur is not- a Fixsed Alkali : and moreover, the 
vapours, emitted in* the operatioh are impregitaiefl 
mth-a-quanthy of theJffitfou^ Acid-^ v^ich is ric^tt^ft 
caie-whtn Nitre i» decompofed by anV- Othii^irtflaStfi . 
roable matter which contiinj no Vitndic Add. 
. There^onofithded{fferena?tiVnattoiIfyd{d^ 
ibkrfrom what hath been alread]^ l&id ct»Msdf«n|^ 

properties 
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gropcrtics of ^te Vitrblic »nd Nitrous Aoda. We 
ave feen that by burning Sulphur its Add is not 
decomppfcd, but oply teppiratJed fronci its Pbb- 
^fton. We alfo know that its Acid has a great afiBv 
nijy with Fi>fed ^Ikalis, Tbefe.thjags ^fiSg*gMBtfr 
ecU it follows that, as kion as die Nitrous Acid quits 
its Alkajine bafis, by dcfiagratia^ with the Phk^iftpn 
of the Sfulpjiur, t|jc Add of thjs v^ry Sulf^, bey 
iiig: let ft lij^rtj by tb^t 4e^l^0^(^i^ mmft usiitc 
with the Alkaline bans darted by |He Ackl of Nitise, 
gpd therewith form a, Neutr4 Salt. Hence^ .iRft^d. 
of a Fi3?cd Alka^li, we find at the end of the, ^pcr^r ' 
t;ion a fort of Vitriolatpd *if*a;rtar 5 th^.Acid^ Qi Sul- 
phur and of Vitriol beipg the ^qie, asi is f^vidcnt 
from what hath been above f^i4 concerning thOTU 

In order to difcover the caufe of the other pheno-^ 
menon, we XQuft recoUedl; two thjngs ^dy^dced V9^ 
our EJcmeots of the Theory ; to wit, that thei $f- 
fipity q£ the Vitriolic Add with Fisped AJiialisi is 
greater than that of the Nitrous, Acid i ?i^ a^4m>, 
that the Nitrous Add is nqt capable of CQ:9l^nJijpg add 
taking fire with the Phlpgiftpn^ but when it if in th^ 
foi:m of a Neutral Salt, t^^ is, when it i^ umted 
^ith'fome^ alkdjne, earthy,^ or n^^^^ K 

thefe two principles be <^^ to thq ^ffeQ, in 9pcfr 
tion, . t&e lol^itibi} is.eaiy anc^natural^ For* in tlM. 
dc^gratippQf Nitre wi^hr Sutehiir,^ die Phlogiftim. 
is not the only fobfta«ice capaWe of fepar^ang thft. 
NiJfousAddfromjts bafis;.thp Aidd^of the SuJphiv, 
mojc and more of which is fct^t Uberijy; a^^the. ^J^blon 
gKon is cpnfumed^ is alfo capable of pipdiKipg 
flic fame eficd^ 5 but with thi j <fi|R,rencfe that. iW 
portioa of the, Kittoui Acid whiqh is. dfm:he^. from: 
itsTAlkali by,th? Phlo^ftonis.aj.^^lKw inftajit. 
fct on. fire an^ decomppfoil bjF> that^upipo v whc«5CT. 
as. the TOrdpn thereof whi^ ;is f^pACatcd 1^ thft* 
Vjtridlic Acjfrbeing^^when^^^ ipcap^c! 

,(jf unltine with the Phtogiftpn, and of coirfumiog^ 
. ■ ' 5 were- 
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therewith^ IS prefcrvcd entire, and rifes ia vapours, 
toKtber with that portion of the Vitriolic Acid. 
w)uch could not unite with the bafis of the Nitre. 

PROCESS III. 

T^ dicompofe NUri by means ef the VHrioUc Acid. 
Tbi Smoking Spirit of Nitre. Sal de duobus. 7 hi 
PnrificatMH ef Spirit of Nitre. 

TAK£> equa} parts of well purified Nitre and , 
Green Vitriol : , dry the Nitre thoroughly, and 
bruife it to a fine powder. Calcine the Vitriol to 
l-ednefs : reduce it likewiie to a very fine powder 5 
and mingle thefe two fubftances well together. Put 
the mixture into an earthen long* neck, or a good 
glafs retort coated, of fucb a fize that it may be but 
half full. 

Set this vcflcl in a reverberating furnace covered v 
with its dome; apply, a large glafs receiver, hav- 
ing a fmall hole in its body, (topped with a litde 
lute. Let this receiver be accurately luted to the, re- 
tort with the fat lute, and the joint povered with a flip 
of canvas fmeared with lute made of quicklime ^aod 
the white of an egg. Heat the veifels very gradu- ^ 
ally. The receiver will foon be filled with very dcnfe , 
red vapours, and drops will begin to diftill from the 
nole of the retort 

Continue the diftillation, encr^afing the iire a lith 
tie when you obferve the drops to follow each other 
but flowly, fo that above two thirds of a minute,': 
paJ^s between them j and, in orde^^ to let out the re- . 
dundant vapours, open the fmall hole, in the re-,;: 
ceiver from time to jti.me. Towards the end of i;her- 
operation raife the fire fo as to msjce the retort, 
red; When you find, that, even when the retoft is/ 
red hot, nothing more comes ovef, unlute thertr^; 
ceiver, and without delay pour the liquor it con- 
tains 
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tains into a cryftal bottle, and clofe it wkh a cryftal 
ftopplcirubbed in its neck witli emery . ^ This liquor 
will be of a reddifh yellow colour^ fmoking exceed-: 
ingly, and the bottle containing it will be cpnltant*;* 
ly.£lled. withered fumes ^^^ok^-Killp/k^^ 

t . , • . . „ • * » . 

,. ' k *.- ( -,►.-. 

The V irriolic Add having a greater affinity w|Ch 
Fixed Alkalis than with any otWr Kibftance, the 
Phlpgifton exceptcxJ, '4nd beinlj-i^ the Vitrioif dnttdff^ 
'With a ferruginous bafis, wiK ihaturally ^uit thkt bl- 
fis to join with the Fixed A&iR of tfte Nitfe' i/tktf 
Acid whereof ^being weaker" than t;he Vitfiolitf,' is • 
we have already obfervcd oHftNferar'o^difiofts/ffliift 
needs be thereby expelled from its bafis; The Ni- 
tre therefore is decompofedby the Vitriol, andV* its /- 
Acid being let at liberty, is oaf ried Up by thi' fbrce 
of.thefire. ' :' " '• ;'/ ' 

* Indeed the Nitrous Acid, beini thus feparated froiri 
its alkaline bafis, might be expedledtb'cbmbine witfiT 
the ferruginous bafis of the Vitriol : but as it has, like 
alt other Acids, much lefe affinity with Metallic fub-^^ 
ftances than with Alkalis, even a moderate degree 
pf fire is fuffitient to feparate it from them. IVtore-; 
Qver,' this Acid hath either i>o efFedV, or very littl^," 
upon iron that has loft much of its Phlogiftbri by" 
contradting an union with any Acid ; whicli is die 
cafe of the ferruginous bafis of Vitriol, 

By the procefi here delivered a very fth)ng, per- • 
fcSly dephlcgmated, and vaftly. fmoking Spirit' of ^ 
Nitre is obtained. If the precautions of drying the 
Nitre and calcining the Vitridl be'neglefted, the 
Acid that comes over, greedily attrafting the water 
contained in thefe (alts, will be very aqueous, will 
not fmoke, and will be almoft colourlefsi with a ve- 
ry flight tinge of lemon. * ' '/ 

The! 
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Tbe fiMiei of KigMt cohcemfated l^ifU^iff Wl^ - 
m, foch a^ that d>tained by the above ^Kic^^itii&^' 
ligtsl, oerirbTitd, md YCify dangercms tb fttf lAtfe^$ 
beitig Ito cjlhek* than diemoft de pMegtrt ioe d tiaiT 4tf - - 
the Nltr«ii9 Add.- The perfim thertf ore wKt> ifeo^'^ 
lutes the vefibls, or pours the Kqtior out of t^^^^' 
ceiver into the botde, ought with €h< grdMeft cau^ ' 
tion to avoid diVWihgtlletD m wiih' hft brea^ i :iftd' 
for that reafon ought to place himfitf fi> that a tt^- 
itnt of ai^ dther natural or ardficml^ ifiay c^&tf 
diem off another way. It is alfo neeeffiiry thi)&' 
caro be takehy- duriifg the opehiticni, to g^vi^' ^Sc 
Tapburs a liide venteVdy now and then, by oolii* * 
ing the fmaU hole in tKe recipiencV for they ara {ijf 
^elaftlc, that» if too dbfely confiAod, liiey ^1 BliriV 
the vcflMs. 

tV'l^cn the.Openftioti is over, you^wil! fi[nd' a Fej3* 
inai$ fltt thfc bdctom of the retort, caft'as it yfSct m 
a mould. This is a NeUtAl Salt of the^ nite^ ^ 
Yidiolated Tartar, lefulting from the unkm oPdi^ 
Acid" of the Vittiolf witb the Alkidiile bafis of th«- 
l^itie. . 

The ferfuginoui bafis of thcl^itriol, which is'm&r* 
cd Wi^ this fait, glv» it die rcdcolcAir. fo 9^ ■ 
ratfc it: th<iltfrdifl, you miift pulverife it; d^lffeif" 
in boiling water, and filter the (olution feVftrtt rfnidr * 
through bmwH papef'i bM[abi<i thi ftaffCTfiiKdil^ 
BaftHof the vitAfl is frf fihc^ thSA iM\€ ^ ft'ifii' 
oafs through the firft riftid: Wheii^ the fiiUstfert; fe^^* 
Very clear, ^ ahd depOfitea nd* fedirt^rft; Xieii^' 
let to Ihoot; arid' it ^VL\ yidd ci^ftafe ctf Vitrioktet'? 
Tartar -, to Whidh Chyihifts halire' gWtA the pccb'ar ^ 

Irfthfar Capit fKortum w« fhequcKtTf firitf^ hitm ^ 
the farraginous earth of Vitri6l, a pbrtTon of Nitre 
and Vitriol rtOtldecoftitxtfed ;• eieikf Bfeiauft'them' 
faits'.Wltff nor thOitUghly mingledi br'beCaii^- tKi?'^ 

fire 
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fiffO. ^M ^TKk viifed hqs^ enough' towards the endtf 

NitfQ ouqr aS^bc dooompofad; rdoid it^ A^ekiot)- 
t^vipd^ bf die ^netpqfitkm u£ any of the other Vi- 
tr^k^H ilbhiQifl^ Cr^pniins, jSobs^ Clajrsr; in^fllort, 
by meam of aji]ifGfttnpooiid*iiii which die VliPiolk 
AQidi$i£rand^ fwicbed ic hare aoe a IH^^ 

The. cUftiU^ns .of: utput JbrtiSt wba make I^gf 

quiinljfiiei M a tiflie» aad vhonafe the kaftchai^ 

a1litQtmeihM|»«4oidi»r hufioefs^bj^ 

impreg^tfKl wuK die VkrMic 'Aeicb; fuch'^^^a^ 

aod Bole^i Wieii>tllde etizhs; they acctnatslf (Mix 

thal^ticirfrom which^ey^inotmLto-diiw-ii^eir^i^. 

riti:. t^it iniiRuosflhfif puc iDtoilargp ofabog eaidieii^ 

pptSv havingi a.i^iy fhort curved neck, \^dch-^erv«* 

t^AiajDeeipieiifr^^fij^efamfftmmdaiickfoiM^ lEIide 

v(iilUadie}^.plAce)[mtvvy^Tovo o]kpofice^toieac^4itker 

in;(oqig.'ftMiniC«s^ and* covw^thmi ow M^ith brkks' 

cemented Kiritb Wiod&ckwnv! whklr<ferves:&F a 

roy^ibnaMRyt: tbuit liMfihffit^ the fire iD> the? f&r- 

nice^ making; ic at firftveryfrnali^ oaty^ to vMmi' 

thtxveflfla(v:'a&0r>»rhkJi thiy thMwi in wood, and 

railirt<lttlfhie.t3l)/the pQttignawvi|ui^ in 

wki^^'di^ervthejr'kiBip .huap^tiU diedtfUttation is^ 

/Sltf»i9/)mdto£ KitteftBoy alS> be kpsmtodSMm^ 
it$}»i&ikbp nMMS of^'ihe ptiisr'^rkdk Acid. Fbr^ 
tW pi«ep0ltf: die>iNitmlh)m^whichi)^Uiineail to tx^ 
tn^ the- AciAinRifli be. fiAdy^poilrar^^ pn«:imo^t. 
^^K^,; fetMt/, t^d' aithird oC* ib /wrig^^oi^fcoiieen- 
tiijiied' Oil of VoQiol poured mvit: the weeRt^mMift ' 
be^pbced in a mreiWatiog fumaoe^ and ai Kceiuet\ ' 
lih&thac uftd in^the^piec^i^^opemdQviy expbdtfi« ^ 
ouflyiisqp^sedii. ' " ; i? - 

Afi. taeaiaaidiB Qil^ofiVjltrioktxlK 
the ma^re grows hot, and copboai^red-fomel^ 

,» begin 
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bc^ to appear : fbme drops of the Acid C«q| 

over even bdbre the fire is kindled in the fumacae. 

On this occafion the fire muft be moderace ^ be- 
caufe the Vitriolic Acid, being clogged bjr no bafis, 
a^ upon the Nitre much moie br^y, and wicfc | 
much greater e&ftt than when it is not puie. | 

This (Operation may be peiformed by a iand heat } 
which is a Q)eedy and commodious way of obtaining 
the Nitrous Acid. In other refpeds die precaaticms 
recoomiended in the preoeding experiment muft be 
carefully ohfaved here, both in drilling the Acid 
and in taking it out of die receiver. 

The Spirit of Nitre extraded by dvs method is 
as ftrong»and finokes as much, as that obtained by 
calcined VitrioU provided the Oil of Vioiol made 
ufe of be well concentrated ; but it is generally 
taunted by the admixture of a fmall portion of the 
VJtrioliti Acid, which^ having no bi^s of its own ' 
to reftrain it, is carried up by the heat befixt it can 
lay faojd of die bafis of the Nitre. 

There are leveral experiments in Chymiftry that 
iuooted equally wdl whether the Nitrous Acid be or 
be not thus adulterated with a mixture^of the Yitri- 
•.olic Acid \ but there are fome, as we (hall fee, that 
will not fuccced without a Spirit of Nitre ib mixq^ 
If the Acid be diftilled with a view to fiich tBf^ 
ments, it muft be kept as it is. But moft expen- 
ments wiuire the Spirit of Nitre tft be i^iutdy 
pure ; and if it be intended for fuch, it mttft be 
perfe^y cieanfed from the Vitriolic taint. 

This is eafily effedcd by mixing your Spirit 
very pure Nitre^ and diftilting k a lecond 
time. The Vitriolic Ackl, with which this Spirit of 
Nitre is adulterated, coming in contad with a great 
quantity of undecompofed Nitre, unites with its 
ABcaUne bafis, and ei^xdls a proportionable quantity 
of the Nitrous Acid. 

la 
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In the retort made ufe of to diftill the Nitrous 
:?id, by means of the pure Vitriolic Acid, is found 
9L^Vapuf mortuum differing from that left ^fter tHe 
diiftillation of the fame Acid, by the interpofitioii 
of VitriolV in as much as it contains no red ferrugir 
• ndtis ' earth, ' This is a very white faline m^s, 
moulded in the bottom of the retort : if you pound 
it, dtffolve it m boiling water, and evaporate thd 
'folutiort, It wJft Ihoot into q'yftals of vitriolated 
Tartar: fofnetinics alio it contains a portlort of un* 
:^ecomp6fed Nitre, which Ih'oots after the VitKolat- 
•cd Tartaric becaufe it is mucfi more fohtble in wateh 
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PROCESS I.. 

fd Mr$£l Sea^Salt from Sea-JVatcr^ and frm ^ri4('^ 

■^^. . ., ^ Springs Epfom Salt, 

fiLTER the ftlt Watef from which yow inteikl 
^ to -^raft the Salt ;• evaporate it by boiling till 
lie ^'itS'farfaceadaricpcllicte: tWs coiififts 
%ho1l^^'*6f^tttlt Cfyftak of fdt juft beginning to 
5|iio6^! how ifacken die fii^i that the brinem^ 
cvapotafe mbitt flowly,. and* without any agitation w 
^he cfyftals, which at firft were very 4ball, ' will 
beconie'^ l^f ger, ^nd form ^hallow . truncated pyrt- 
tnids, the apices Whereof will point downwards, and 
their bafes be even with the furfaee of the.Uqww. 

Thefe pyramidal cryftals are only co!le6tibns .ef 

fmall cubical' cryftals concreted ^ into* this form. 

Vol. L S ' Wbw 



izjg Elements hf tht 

When they have acquired a certaig m^nftudcr 
they fall to the bottom of the liquor. When they 
come to be in foch heaps as alnioft to reach thfe lur- 
face of the liquor, decant k from them, and con« 
tinue the. evaporation till no tnore cryft^ of Sm- 
&lt will {hoot. 

OlbSERV ArtOiJS. 

The Acid of Sea-falt is fcarce cvef fdurtd, rftlief m 
Sea- water or in the earth, btherwife than tihited vfAt 
i fixed Allcali <^ a particular kidd, Which is its na- 
tural ba'fis ; and confequently it it ih the ^Ofm tyf a 
Neutral Salt. This Salt is plentifully diflblved in 
the waters of the ocean^ and when obtained there- 
from bears the name of Sea-^falt It is alfb found in 
the earth in vafl: crylliaHine tnaOes, and is then 
called ^aUGem ? fo tli^t Sea-Salt and Sid-Gem are 
but one and the fame fert of Salt, differing very 
little from each other, except ^ to the pkoes wheie 
they are found. 

In the earth, are aKb found ^rings afid fouii- 

tainSf whoie waters are ftrong brines, a great deal 

"of Sea-fait being diflblved in them. Th^ fprings 

cither rife direftly from the Sea, or mn through 

' fome mines of Sal-Gem ^ of which d^y take up a 

quantity in their paffage. . 

As the fame, or at leaft nearly the fame, quantity 
of Sea- fait Will continue diflfolved in cdid water as 
boiling water will take up, it cannot fhoot, as Nitre 
does, by the mere cooling of the water in which It 
is di0bived : it cryftallizes only by the iheans of evi- 
jjoration, which continually leflcns the prc^ortionof 
* the water to the Salt •, fo that it is always enable 6f 
containipg jCift fo much tlie Icfs Sea- fait the more 
/there is cryftalltzed 

The brine fhould not boil after you perceive the 
pellicle of little cryftals beginning to form on its ftfr- 
face; for the calmncfs of the liquor allows them to 

form 
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^ form more tegylarly, finti become larger. Nor after 

, this flipuid the ev^pofgnon be burrif d oft too faft ; 

^ for g Iklin/p cruft \vouW form on the liquor, which, 

b^ fXiCfmting th^ vfi^KHifs frcMm beirig : carried offj 

woul^ obftru^ the qryftallizatioh* '• 

If the eyapofition be continued ?ftcr the liquor 

ceafefi |j9 yi^ld ^ny cryftals of Sea-falt, . orfitr cryftals 

. W4II hp p^^fW^d pf ., s^n (ribloog foUrtfided iaxm^ 

VlW^" M^^ f Iwtfler t;3iAt, and ^IJCiaJunoft always 

pwifl:.' XJii? fort (C^ Sajf M known byjehename of 

'fivim Vfe vhjc^ it ow#s to a fall: Ipriijg'in Eng- 

laiidr ^Ofp ^}:be w^r of w^ich it was ificft: extradt- 

^d. Thi$ $Ak^ 01* r^^l^ ^ijOeiCODDpoqiskd, is aicoh^ 

geries of Glauber's Salt and Sea-falt^ iA a. manner 

..cQfl|bM9f^ed ^<{gethcr, aod mijCed with feme of the 

jMqthfx qf Soi:*fajt;, in wjijch 19 contaioeda kind of 

. bJitwoiapfi^ gifttter. Thefe jwo Central, Salts, whidi 

ciq^it;u£e die EpTom Salt^ mi^y be eafjfy Cbparatod 

frpfli ,.€^h other* by,nae^$ of cryftallixation only. 

JEpfoflcii S^t is pufgai^v^ ^fid bitter v aod there^fi 

mmcd &^ f^fpartkum am(ttuf»^ or bictcr purging 

Salts. 

Thsf^ ^^ .different ^c^thods uied in .gi^at ma^ 
for obtaining Sea-falt out of water in whicjh it is 
j^iflbjy44^ The Cfl}|jkft ^ikI eafioft is that pradifed 
p. France^ a^nd in ^11 thpfe countries which are not 
. cplder. Qn 1^ fca/^pr^ tbey iay oma fortof jbroai 
0iallQ;iv p^ts, pjios, or ratjber ponds, whic^ die 4ia 
4il;ls with <hc tide of flood. When ^che ponds aic 
tlius £lLq4, they ftc^ 4:heir communication wish -the 
Xea, apd Jeave the w^ter to evaporate by the heat 
^ of ihe Ipn ; by which n)fiaas aU the Salt contained in 
it ncfiefl^iiy cryftallizQS. Thefe pits ane called Salt 
Ponds. Salt can be njad^ in this way in the fum- 
mer-time only ; at leaft in I'>ance, and bthercoun-* 
tries of the lame temperature : for during the win- 
ter, when the fun has lefs power and rains are fre* 
queiit, this method is. not pradicabk. 

S 2 For 
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For this reafon, as it oft^ rains in the provincf 
of Normandy^ the inhabitants take another ^rt^j to 
. extrad: Salt from iea- water* The labourers em- 
. ployed for this purpofe raife heaps of fand Ofi the 
ihore, fo that the tide waters and drenches them 
when it flowsy and leaves the fand dry wheTi it dbbs* 
During the interval between two tides of flood the 
fun and the air eafily carry off the moifture tliat f^as 
left> and fo the fand remains impregnated wit& all 
the Salt that was contained in the evaporated water. 
Thus they let it acquire as much fait as it can by 
-ievcral returns of flood, and then wafh it out with 
freih water, which they evaporate over a fire m 
kaden boilers. 

To obtain the Salt from brine- fprings, the water 
lieed only be evaporated : but as feveral of thefe 
fpring3 contain too litde Salt to pay the charges that 
.would be incurred, if the evaporation were effeded 
,by the force of fire only, the manufa6turers hav\e 
fallen upon alcfs expenfive method of getting rid 
of the greateft part of the water, and preparing the 
brine for^cryftallization, in much left time, an^ with 
.much lefs fire, than would otherwife haVe been ne- 
ceflary. 

The method confifts in making the water faH 
ffpm a certain heighth on a great many fmall Ipars 
of wood, which divide it into panicles like rain* 
This is performed under (heds open to all the winds, 
which pafs freely through this artificial (hower; By 
this means the water prelents to the air a great ex- 
tent of furface, being indeed reduced almoft entirely . 
to furface, and the evaporation is carried on With 
great eafe and expedition. The water is raifed by 
pumps to the heighth from which it is intended to 
iall ♦. 

PRO- 

» 

* The Marqais de MoiiuItrinbert» in a Menoir read hthit 
tkc Academy ot Sciences, prapofb a new method of effcdling 
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Experiments concerning the decompojition of Sea-falt^ 
by means of the Phlogijton, KunckeP^ Pbofphorus. 

** /^^ P pure ^Tine that has fermented five or fix 
V^ /* days take a quantity in proportion, tq 
** the quantity of Pholphorus you intend to make ; 
** it requires about one third part of a hogfliead to 
♦* make a dram of Phofphorus. Evaporate it iq 
** iron pans, till it bccoipe clotted, hard, .blapk| 
•• and nearly like chimney-foot ; at which time it 
•* will be reduced to^about a fixtieth part of its ori- 
** ^nal weight before evaporation. * 

^* When the urine is brought to this condition 
♦• put it in fcveraJ portions into fo many iron pots^ 
♦* under which you muft keep a pretty brifk fire 
•* fo as to make their bottoms red, and ftir it in* 
** ccflantly till the volatile fait and the fetid oil bf 
*' almofl: wholly diflipated, till the matter ceafe to 
**' emit any fmoke, and till it fmell like peach- blolj- 
** foms. Then put out the fire, and pour on the 
•* matter, which will now be reduced to a powder, 
** fomewhat more than twice its weight of warm wa- 
** ten Stir it about in this w^tcr, and leave it to 
** foak therein for twenty four hours. Pour off the 
« \y^ter,~by inclination; dry the drenched matter, 
f* and piilvcrize it. The previous calcination carries 
*« .off irbm the matter about a third of its weightj, 
•* ' and the lixiviation walhes out half the remainder. 
" With what remains thus calcined, walhed, 
•• and dried, mix halfwits weight of gravel, or yel- 

thefe evaporations) -together with fome coniiderable improve* 
ments intheilra^ure and difpofition of the buildings neceflary 
for that purpofe. They .are called by the French Batiments ie 
Gradut^nn I whidi may properly enough be rendered Brin^- 

S 3 •* low 
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*« low frceftone rafped, having fifted out and thrown 

*« away jdl the fincft particles, Rivei'-fand is ikk 

** proper on this occafion, becaufe it flies in a hot 

** fire. Then add to this mixture a fixteenth part of 

<* its weight of charcoal, made of beech^ or of any 

*< other wood except oak, becaufe that alfo flies. 

** Moiften the whole with as much water as wfll 

^^ bring it to a ftiflT pafte, by working and kneading 

•< if with your hands : now introduce it into your 

<* retort, taking care not to daub its neck. The re- 

♦* tort muft be of the beft earth, and of fuch a fize, 

^* that when your matter is in it, a full third thectof 

«< fhall ftill be empty; 

*' Place your retort, thus charged^ in a revcrbe- 
<* rating furnace, fo proportioned, that diere may 
«' be an interval of two inches all round between the 
*' fides of the furnace and the bowl of the retort, 
*' even where it contrafts to form the neck, which 
•' fhould Hand inclined at an angle of fixty degftes. 
*« Stop all the apertures of the furnace, ex<}C|>tthe 
*' doors of the fire-place and afh-holc. 

*' Fit on to the retort a large glaft balkni Vffo 
*' thirds full of water, and lute them together, as 
^' in diftilling the Smoking Spirit of Nitre*- In the 
^' hindfer part of this ballon, a little above thefur* 
*' face of the water, a finall hole muft be. ^ed. 
^* This hole is to be ftopped with a fmsfll |)eg of 
•• birch-wood, which muft flip in and out very ea- 
^' fily, and have a fmall knob to prevent -its falling 
^^^ into the ballon. 1 his peg is to be pulled out from 
**' time to time, that by applying the tiaftd to the 
'<' hole it may be known whether the air, rarefied 
^' by the heat of the retort, iffues out with too 
^' much or too little force. 

** If the air ruQies eot with too much Tapidity^ 
♦* and with ahiffling notfe, the door of the a(h-hole 
♦' tnuft t)e entirely Ihut, in order to flacken tjic fire. 
'5» If it do not ftrike pretty fmartly againft' the hand, 

" that 
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^^ that door muft be opened wider, and l^rg^ coals 
•* thrown into the fire-plate to quiqkeo the firi? ioi- 
*^ mediately^ 

*^ The operation ufuaUy lafts four wd twenty 

<f hours ; and the following fign^ (hew chat it will- 

^ iuccced, provided tlsu^ retort refill the fire. 

'- *^ You muft begin the operation with putting 

^^ foait ifoUghtfid charcoal in the aib-hole, and a 

j^^ little li^tipd cfaarcpal at the door thereof, in or- 

'** dcr to warm the rctort very flowly. When the 

*^ whole is kindkd, pufii it into the a^h-hple, and 

** doft the door diereof with a tile. This moderate 

•* heat brings over the phlegm of the mixture. The 

^ fame deg^e of fire nmft be kept up four hours^ 

*^ after which ibn^e ooals may be laid pn the grate of 

^ the fire-place, which the fire underneath will kin- 

dJe by degmes. Witli this fecond heat brought 

nearer the retort, the ballon grows warm, and is 

^f filled with whioe vapours, which have the fmell of 

^ fetid oil. In four hours after this veilel will grow 

** copl and dear ; and then you muft open the door 

^ of the afli-hole one inch, throw frelh coals into 

^ the fire-place every three minutes, and every time 

*' (hut the door of it, left the cold air from without 

^ fhouid ftnke againft the bottom of the retort and 

^ crack it. 

** Wh^ the fire has been kept up to this degree 
^* for aboi^t two hours, the infide.of the ballon be-' 
<f fgit^Xo he netted over with a volatile fait of a 
" Angular nature, which cannot he driven up but 
** by a :very violent fire, and which fmells pretty 
^> ftrong of peadi-kemels. Care muft be taken 
^^ ihat this concrete fait do not ftop the little hole in 
^ •the ballon : for in that cafe it would hurft, the 
^^ recortbemg then red-hot, and the air exceedingly 
*« rarefied. The water in the ballpn, being heated 
^^ by the vidaity .of the furnace, dexhales vapours 
" " S 4" *' which 
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^' which dlflblve this iprigged lalt, and the ballon 
clears up in half an hour after it has ceafed rifing* 
In about three hours from the firft appc&rancc 
^* of this fait, the bajlon is again filled with new va- 
** pours, which iknell like Sal Ammoniac thrown 
^^ upon burning coals. They condenle on the fides 
^* of the receiver into a fait which is not branch* 
*< ed like the former, but appears in long perpendi* 
^^ cular ilreaks, which the vapours of the water do 
^' not diflbive. Thefe white vapours arc the fore* 
♦• runners of the Pbofphorus, and a litde before they 
^^ ceafe to rife they lofe their firft finell of Sal Am* 
** moniae, and acquire the odour.of garlick. 

*^ As thcry afcend with great rapidity, the little 
** hole muft be frequently opiened, to oblerve whc- 
^^ ther the hifling be not too ftrong ; for in that cafe 
^* it would be ncccffary to (hut the door of the afli- 
^^ hole quite clofe. Thefe white vapours continue 
*' two hours, When you find they ceafe lifing,^ 
^* m^ke a fmall pafiage through the dome, by open^ 
*« ing fome of its regifters, that the flame jmay juft 
begin to draw. Keep up the fire in thia mean 
(late till the firft volatile Phofphorus begin to ap- 
^* pear. 

** This appears in about three hours after the 
•' \vhite vapours firft begin to rife. In order to diA 
cover iu pull out the little birchen peg once eve- 
ry minute, and rub it againit ibme hot part of the 
^* furnace,, where it will leave a trail of.i)i^U» if 
^* there be any Phofphorus upon it, 

^' Soon after you obferve this fign, there will if- 
♦* fue out through the little hole of the ballon a 
^^ ftrcam of blqeifh light, which continues of a 
^* greater or fhoncr extent to the end of the opera* 
^* tion. This ftream or fpout oUigbt does not burn. 
♦♦ if you hold your fing^ againft it for twenty op 
^^ thirty fccpnds, the light will adhere to if 5 aj^ if 

"you 
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•< you rab that finger over your hand, the light 
^\ will bcfmcar it, and render it luminous. 

^' But from time to time this ftreamer darts out . 
*' to the length of feven or eight inches, fnapping , 
>> and emitting fparks of fire \ and then it burns all 
^^ €ombuftible bodies that come in its way. Whea. 
^* you obfervc this, you muft manage the fire very. 
*^ warily, and (but the door of the aflihole quite 
** clofe, yet without ceifing to throw coals into the 
♦* fir^. place every two minutes. 

** The Volatile Phofphorus continues two hours ; . 
•^ after which the little fpout of light contrafts to 
•' the length of a line or two : and now is the time, 
^^ for puihing your fire to the utmoft : immediately 
^^ fet die door of the a(h-hole wide open, throw bil-. 
** lets of wood into itj ynflop all the regifters of the 
•^ fcverberatory, fupply the fire-place with large, 
** coajs every minute : in ihort, for fix or feven 
*^ hours all die infide of the furnace muft be kept 
^^ of a white heat, fo that the retort ihall not be 
*^ diftinguifiiable. 

** In this fierce extremity of beat the true Phof-. 
^^ phofus diftills like an oil, or like melted wax : 
♦* one part thereof floats on the water in the reci- 
** ptent, the other falls to the bottom. , At laft, 
*' the operation is known to be quite over when the 
'^ upper part of the ballon, in which the volatile Phof- 
♦• phorus appears condenfed in a blackifb film, begins 
•• to grow red : for this ihcws that the Phofphorus is 
*' burnt where the red fpot appears. You muft now 
^^ ftop all the rafters, and (hut all the doors of the fur- 
*• nace,in order to fmothcr the fire ; and then clofe up 
•J the little hole in the ballon with fat lute or bees- 
•• wax. In this condition the whole muft be left 
•• for two days^ becaufc the veflcis muft not be fe- 
♦* parated till they are perfeftly cold, left the Phof. 
4* phorus fl^Quki take fire. 
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*• As foon as the fire is out, the bailon, whicit 
** then in the dark, prcfcnts a moft agreeable objeft : 
** si\ the empty part thereof above the water fbcms 
*^ filled with a beautiful blue light ; which conti- 
*• mies for feven or. eight hours, or as long as the 
•* ballon keeps warm, never difappearing till it is 
*• cooled. 

** When the furnace is quite cold take out the 
•• vcflels, and feparate them from each other as 
•* neatly as poflible. With a linen cloth wipe away 
*• all the black ftufF you find in the mouth of the 
" ballon ; for if that filth fliould mix with the Phof- 
** phorus, it would hinder it fiiom being tran^pa- 
** rent when moulded. This n)uft be done with • 
*• great expedition : after which pour into the bal- 
** Ion two or three quarts of cold water, to accde- 
rate the precipitation of the Phofpfcorus that 
fwimsut top. Then agitate the water in the bal- 
lon, to rinfe out all the Phofphorus that may 
** ftick to the fides ; pour out aH the water thus 
*^ fhaken and turbid-, into a very dean earthen pan, 
•* and let it ftand till it grows clear. Then decant 
•• this firft ufelefs water, and on the blacktlh fcdi- 
** ment, left at the bottom of the pan, pour feme 
•* boiling water to melt the Pholphorus; which 
" thereupon unites with the firfiginous matter, or 
•* volaule Phofphorus, thatprecipitattrd wiuaic, ooth 
•* together forming a mais of the colour of flate. 
** ^^hen this water, in which you have melted the 
** Phofphorus, is cool enough, take out the Phof- 
*' phorus, throw it into cold water, and therein 
*• break it into little bits in order to mould it. 

** Then take a matras, having a long neck 
**' Joaiewhat wider next the body than at its mouth : 
** cut off half the body, fo as to make a funnel of 
** the neck-part, the fmaller end of which muft be* 
•* ftqpped with a cork. The firft mould 4xing 
** thus prepared, plunge it cndwife, with its 

** mouth 
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•* mouth uppermoft, in a veflel flill of boiling water, 
** and fill it with that water. Into this funnd throw 
** the little bits of your flate-Kke mafs, which will 
•* ttiek again in this hot water, and fall fo melted 
** to tkc bottom of the tube. Stir this melted mat- 
** ter with an iron w^e, to promote the feparation 
•* of the Phofphorus from the fuliginous matter 
•* with which it is fouled, and which, being left 
** ponderous than the Phofphorus, will grac&ally 
♦* rife above it towards the upper part or the cy^ 
« lindcr. 

" Keep the water in the veflel as hot as at firft, 
** till on taking out the tube you ffee the Phofpho- 
*« nis dean and tranfparenL Let the clear tub^ 
•• cool 4 fitde, and dien let it in cold water, where 
«* the Pho^horus wiH congpal as it cools. When 
<* it is perfe(5By congealed, pull out the cork, and 
*' with a fmall rod, near as big as the tube, pufli the 
^« cylinder of Phofphorus towards the mbu A of the 
*** funnel, where the feculency lies. Cut off the 
^^ black part of the cylinder, and keep it apart : for 
*** when you have got a quantity thereof, you may 
^ melt it. over again in the fame manner, and fepa- 
^' rate the clean Phofphtjrus which it ftill contains^ 
"*« As to the reft trf the cylinder which is clean and 
** tranljparcnt, if you intend to mould it into fmaller 
** cylinders, you tnay cut it in dices, and melt it 
. ** again by die hdp of boiling water in glafs tubes 
" of fmaller dimemions.** 

OBSERVJTIONS. 

This proccfs for making Phofphorus is copied 
from the Memoirs of the Academy of Sciences for 
the Year 1 737 ; where it is defcribed by M. Hellot, 
with fo much accuracy, clearnefs, and precifion, 
that I thought I could not do better than tranfcribc 
it, without departing from the author's own expref- 
fions, fpr the fake of fuch as may not have thole 

Memoirs* 
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Memoirs. We fhall cake occafion, in thefe oblcnra*- 
tions, to point out Ibme eflential circumftances which 
I have omittid in the dcfcription of the Procefs, that 
I might not bieak the connection between the phe* 
nomena that happen in the courfe of this experiments 
It is proper to obferve, in the firft place, that one 
of the mod ufual cauies of mifcarriage in this ope^ 
ration is a defe£t of the requifite qualities in jthe re^ 
tort employed, it is abiblutely neceilary to have that 
vellel made of the beft earth, and fo well made that 
it (hall be capable of refifting the utmoft violence of 
fire, continued for a very long time; as appears by 
the defcription oi, the procefs. T he retorts cooimoiw 
ly fold by potters, and other earthen ware-men, are 
pot fit for this operation ; and Mr Hellot. was ob* 
liged to fend to Hefle-Ca0el for fuch as he want* 

cd- 

" We Ihall, in the fecond place, obfervc with 

«* M. Hcllot that, before you fet your retort in 
** the furnace, it is proper to make an eflay of your 
** matter, to fee if there be reaibn to hope for fuc- 
•« ccfs. For this purpofc put about an ounce there* 
«' of into a fmall crucible, and heat it till the vefle! 
** be red. The mixture, after having fmoked^ 
*' ought to chop or crack without pufling uj>, or c» 
** ven rifing in the leaft. From thefe cracks will ifliie 
^< undulating flames, white and blutiih, darting up^ 
*' wards with rapidity. This is the firft volatile 
^^ Phofphorus, which occafions all the danger of 
«« the operation. When thefe firft flalhes are over, 
^< increafe the heat of your matter by laying a large 
" live coal upon the crucible. You will then- fee 
*' the fecond Phofphorus, like a luminous, fteady 
.*' vapour, of a colour inclining to violet, covering 
** the whole fiirfacc of the matter: it continues for 
•* a very long dme, anddifFufes a fniell of garlick, 
♦* which is the diftinguilhing odour of the Phofpho* 
" JUS you are fecking. 

V Whca 



cc 



pRACnCft e!>/'CHYMl$TRV. 26^ 

** When this luminous vapour is entirely gOQe» 
•^ pour the red hot matter out of the crucible upoa 
** an iron plate. If you do not find one drop of^fak 
•*' in fufion, but that, oh the contrary, the whole falls 
i^cadily into powdery 'tis a proof that your mat- 
ter was fufficiently lixiviated, and that it contains 
** no more fixed Salt, or Sea-falt, if you will, than 
^ is requiOte. If you find on the plate a drop of 
** fait coagulated, it Ihews that there is too much 
** :lcft in it, and that there is danger of your mifcar- 
** rying in the operation i becaufe the redundant 
** fait would corrode, and eat through the retort. 
^^ In this dafe your matter mull be waihcd ag^ia^ 
<* and then fufiiciently dried.** 

Our. third obiervation Ihall be concermncR the fur- 
nace propfer to be employed in this operation. XW^ 
furnace muft be fo conftrudlcd,^ that within anar^ 
row compais it may give a heat at leaft equal to that 
of a glafs-houfe furnace, or rather greater, efpecially 
during the lad feven or eight hours of the qperati-^ 
on. M. Hellot in his Memoir gives an cxad de- 
(cription of fuch a furnace. 

** As certain accidents may happen in the courfe 
** of the operation, fome precautions are to be taken 
'* agaioft them. For inftance, if the ballon fhould 
** break while the Phofphorus is diftilling, and any 
•* of it Ihould fall on combuftible bodies, it would 
** fet them on fire, and probably burn the laborato* 
** ry, becaUfe it is not to be extinguiflied without the 
/ " greateft difficulty. The furnace muft therefore be 
" erefted under fome vault, or upon a bed of brick- 
** work raifed under fome chimney that draws well i.. 
** nor muft any furniture or utenfil of wood be left 
^* near it. If a litde flaming Pholphorus Ihould fall 
on a man*s legs or hands, in lefs than three mi-^ 
nutes it would burn its way to the very bone. In 
*' fuch a cafe nothing but urine will ftop itsprogrefs* 

" If 
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*' If the retort crack while the PhoipharUi is 
«* diftUUng, there is an nnfuccefsful end Qf ycnir 
•• operation. It is eafy to perceive this by the fenk 
•• oil garlick which you will finell about the ftir- 
♦* nace ; and moreover, the flame that iilucs dup' 
•* the apertures of the reverberatory will be ^ ;i 
•* beautiful violet colour. The Acid of Scs^-iklt a^ 
^ ways gives this colour to the flame of fuch mw^/s 
*• iw arc burnt ^long with it. But if the natoct 
•* break before the Pholphorus hath miulc its ap- 
*** pearance* its contents may be faved by throwiog 
** a number of cold bricks into the Bn-pUcCt ^^ 
*^ tipon them a litde water to quench the dm ft 
^ tmct** All thefe ufeful obiervations we owe alfp 
to M. Heljot. 

TTxe Hioiphorus here defcribed wns firft di&oyer^ 
td by a citizen of Hamburgh namod Brandt, whp 
irorkcd upon urine in fearch of the Philofopher'^ 
ftone. Aftetwards two other flcilful Chymifts* whQ 
knew nothing nwre .of the procefs thao th^t Pbof- 
phorus was obtained from urine, or in general from 
^ the human body, tike wife endeavoured todifcowr itj 
and each of them feparately did aftualJy m^kc ihe 
difcoveiry. Thcfe two Chymifts were Kunckcl ztd 
Boyle. 

The former perfefted the difcovery> ajid fojyind 
but a method ofmaking it in confiderable qusaiKities 
at a time ; which pccafioned it to be called JQinchr^ 
p'hofpborus. The other, who was an Englifli gpn- 
flemaDf had not time to bring his difcovery to per- 
feftion, and contented himfelf with lodging a VQU- 
chieTtrf' his having drfcovered it in the hands of the 
Secretary of the Royal Society of London, who gave 
him a certificate thereof. 

^« Though Brandt, fays M. Helloc, who had bc- 
" fore«this Ibid his fecret to a Chymift named Kraift, 
•* fold it afterwards to feveral other perfons, and e- 
** ven at a very low rate-, and though Mr Boyle 

" publiih- 
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pMblifhhl the protels for making it ; yet it is ex- 
tremely ptobable that both of them kept in theic 
oi9^n bftnds che itia&er-key i I mean, ibe particu- 
lar manag^ffwif nectary to make she operation fuc^ 
twd : for tillXunckel found it out, no othe^ Chy- 
** hiift eter made ai^y confiderab|e quantity thereoft 
^* except Mr. Gpdfi^y Hankwitz, an Englifii Chy- 
*^ tnift, to whom Mr« Boyle revealed the whole 
«* tnyftery, 

** Nevertheleft, continues he, we ^re very fat 

^^ irbin afledging that all thofe who have defcribed 

5< lilts opet^tion fndahed to tmpoie upon the w6r)d : 

♦' b6t we oonceivts that moft or theha having obfcrvr 

^^ td iUioindlis va^urs in the baHon, and Come 

«* IJjtrks abdiftlhejuflftureofthevcflels, werecx)n- 

*^ tentfed with thofe appe^'ances. And thus it came 

^^ \o pais^ that, ^fter Kunckd and Boyle died, M. 

** Goidfley H^mkwitz was the* only Chymift that 

" coiii^ fi^jply Europe therewith 5 on whiiph ac- 

**' c6uotit is likcwife very well known by the name 

-« of fi^^ Pkofpbi^us.'' 

Aloaoll: all the Chymifts confider Phofphorus as 2 
fubftaiK^ confiftiflg of the Acid of Sca-falt com- 
hintd widi the Phlc^ifk)n) in the fame manner as 
.Sulphur confifts <rf the Vitriolic Acid combined' 
with the PhlogifijOA. This opiniaa is founded on the 
i6ik)^mg ptincipfesw 

Firft, Urine abounds with Sca-falt, and contains 
alfo a gi^t deal of Phlogifton : now thefe are the 
ingitedientft of which they conjefture Phofphorus to 
-be compofed* . 

Secondly, Phofphorus has many of the properties 
>6f Su^hur; fiK>has being ibiuble in oils; melting witli 
a gentle heat ; being very couibuftible ; ^ burning 
without 'any feot ; giving a vivid and blueifli flame; 
and laftly, leajring an acid liquor when burnt : fen- 
fible proofs that it diifers from Sulphur^in nothing 
bift the nature of its Acid. 

I Thirdly, 
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Thirdly, this Acid of Phofphorus, being ihhted 
With a folution of lilver in Spirit of Nitre, precipi- 
tates the (liver, and this precipitate is a true Iam 
iomea^ which appears to be more volatile even chaff 
the common Ibrt ; as M. Hellot tells U9« who made 
the experiment. This faft proves inconteftably that 
the Acid of Phofphorus is of the fame nature widi 
that of Sca-falt : for all Chymifts know that the 

] property of precipitating filver in a Luna cornea bc- 
ongs to the Marine Acid only. 

Fourdily, M. Stahl obferves that, if Sfo->^lalt te 
caft on live coals, they inftantly burn with great adi- 
yity ; that they emit a very vivid flame, and are 
much fooncr conlumed than if none of this Salt had 
touched them ; that Sea-falt in fubftance, which 
Will bear the violence of fire a confiderable time 
when fufcd in a crucible, without fuftaining any fen- 
fible diminution, yet evaporates very quickly, and 
is reduced to white flowers, by the immediate con- 
tdft of burning coals ; and laftly, that the flamfc 
which rifes on this occafion is cf a blue colour in- 
clining to violet, efpecially if it be not thrown di- 
feftly on the coals themfelvcs, but kept in fiifioA 
amidft burning coals, in a crucible fo placed that 
the vapour of the Salt may join with the enflamed 
Phlogifton a? it rifcs from the coals. 

Thefe experiments of Mr Stahl's prove that the 
Phlogifton afts upon the Acid of Sea- fait, even 
while it is combined with its alkaline bafis. The 
flame that appears on this occafion may be eonfider* 
ed as an imperfeft Phofphorus : and indeed its co- 
Jour is exaftly like that of Phofphorus, 

All the fafts above related evince that the Acid . 
of Phofphorus is akin to that of Sea-falt ; or rather 
that it is the very fame. But there are other fedts 
which prove that this Acid undergoes fome change 
at leaft, fome peculiar preparation, before it enters 
into the compofition of a true Pholphorus, and that, 

whtn 
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Vvhen extricated therefrom by burning, it is not: 
a pure Acid of Sea- fait, but is ftill adulterated 
-with a mixture of- fbme other fubftance, which 
iSnakes it confiderabfy different from that Acid. For 
thefe obfervations we are obliged to M. MarggrafF, 
of the Academy of Sciences at Berlin, a celebrated 
Chymift. I Ihall . prefently give an account of his 
principal experiments as liiccindHy as poffible. 

M. MarggrafF hath alfo publifhed a procefs fof 
making Phofphorirs, and afiures us that by means' 
tKereof we may obtain in lefs time, with lefs heat, 
lefs trouble, and lefs fexpence, a greater quantity of 
Phorphorus than by any other method* His opera- 
tion IS this : 

He takes two pounds of Sal . A mmoniac in pow- 
der,, which he mixes accurately with four pounds of 
Miniiun. This mixture he puts into a glafs retort, 
. and wfth a graduated . fire draws off a very fharp, 
volatile, 'urinous fpirit. 

We obferved in our theoretical Eleifnetits that fome 
tnetallic fubftances have the property of decompofe- 
ing Sal Ammoniac, and feparating its volatile AI- 
^ kaU ; concerning which phenomehon we there gave 
Our opinion. Minium, which is a calx of lead, is one 
of thofe metallic fubftances. In this experiment it 
decompofes the Sal Ammoniac, and feparates its vo-- 
latile Alkali : what remains in the retort is a combi- 
nation of the Minium with the Acid of the Sal Am- 
moniac, which is well known to be the fame with 
the Marine Acid ; and confequently the refidue of 
^this operation is a fort of Plumbum corneum, ' 

The. quantity thereof is four pounds eight ounces. 
Of this he mixes three pounds with nine or ten 
pounds of urine, that has flood putrefying for two 
months, evaporated to the coniiftence of honey. 
Thefe he mixes by little and little in an iron pan o- 
ver the fir^, ftirring the mixture from time to time. 
Then he adds half a pound of charcoal duft, and 
Vol. I. "T , evapo- 
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evaporates the mattcrt kept continually fiirring, tiB 
the whole be brought to a black powder. He next 
diftiUs the mixture in a glais retort with degrees of 
fire, which he raiics t0¥wds the end lb as to make 
the retort red-hot, in order to expell all the urinous 
fpirir, fuperfluous oil, and ammoniacal fait. The 
diftillacion being finifhed, there remains notlung m 
tlie retort but a very friable caput martuumJ 
. This remainder he pulverii^ a^ain, and thronn z 
pinch thereof on live coals, therein to diicover whe- 
ther or no the matter be righdy prepared* and ia 
order for yielding Phofphorus* If it be fo, it pre- 
fendy emits an arfenkal odour,' and a blue undulat- 
ing flame, which paifo over the furface pf the coals 
like a wave. 

Being thus aiTured of the fuccefs of hb is^r^aa^ 
he puts one half of his matter, in three equal parts, into 
three (mall earthen German retorts, capabk of Wd« 
ing about eighteen ounces of water a^piece. Thefe 
three retorts, none of which is above three qu^ners 
full, he places tooedier in one reverberatory fiir-. 
nace, built much hke thoie we have delcribed, ex- 
cept that it is lb conftruded as to hold the three re* 
torts difpofed in one line. To each retort he lutes a 
recipient ibmething more than half full of water, or*^ 
dering the whole in fuch a manner, that tlie noib 
of his retorts almoft touch the furface of the wxMsen 

He begins the diftillation with warming the re- 
torts flowJy, for about an hour, by a gentle heat 
When that time is elapfed he raifcs the fire gradually, 
fo that in half an hour more the coals begin to touch 
the bottoms of the retorts. He continues throwing 
coals into the furnace by little and Htde, till they ril^ 
half way the heighth of the retorts ; and in this he 
employs another half hour. Laftly, in the next half 
hour he raifes the coals above the bowls of the retorts 

Hien the Phofphorus begins to afcend in clouds: 
«n this he inftantly increafes the heat of the fire as 

• nmch 
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riAUCh ^s pdfTiblf^, filling the furnace quite up with 
^coals, and making the netorts Very red. This de- 
gree of fire caufes the Phoiphorus to diftill ih drops 
vrhich fall to the bottom of the water. He keeps 
vip this intenfe be^t, for ^aa hour and half, at the 
end of which the opemtioir is linilhed ; fo that it lafts 
but four houFS and a hdf in all : nay, he further 
a^r^s us that fui ^iit, well verfed ia managing the 
fire» may perfonn i{ in four hours only. In the farpe 
manner he diftijls the Ibcorid moiety of his mixture 
in three other fuch retorts. 

The adyantage he finds in making ufc of feveral 
fftiall retorta, infteadof a Tingle large one, is that 
the heat penetrates them wi^h more . eafe, and the 
operation is performed with lefs fire, and in lefs 
lime. He purifies and nloulds his Phofphorus much 
ip the fanie ixuuiner as M« Hdlot does. From the 
qiiwtity of iflgred^encs aboveni^entioned, he obtains 
two ounces and a half of fine cryftalline moulded 
Phofphorus. 

M* Marggraffcoofidering, as acon&quenceof the 
experiments above related, that a highly concentra- 
ted Acid of Sea^falt contnbutes greatly towards the 
fbrmaaon of Phofphorus, proceeded to try ieveral 
other experiments, in which he employed that Acid 
in a (hate of combination with other b^fes. He 
piix^, for inftance, an ounce of Luna, cornea witb[ 
an ounce and half of putrefied and infpiilated urine^ 
and fi-om the mixture obtained a very beautiful 
Phofphorus. 

. In (horr, the feveral experiments mentioned hav- 
ing thoroughly perfuaded him that the Acid of Sea» 
fak, provided it were highly concentrated, would 
(Combine with the Phlogifton as readily as the Vitri- 
«jlic Acid does, he refolved to try whether he could 
. not make Phofphorus with matters containing that 
Acid and the Phlogifton, without niaking ufe of any 

■Urine. 

T 1 With 
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With this view he made a great number of d3^ 
ftrent trials, wherein he employed Sea- fait in fub- 
ftance, Sal Ammoniac, Plumbum corneum, Lu- 
na cornea, fixed Sal Ammoniac, otherwife called 
Oil of Lime. Thefe feveral fuhftances, all of which 
contain the Acid of Sea- fait, he mixed with lundiy 
matters abounding in Phlogifton, different vegetable 
coals, and even animal matters, fuch as the oil of 
hartfhorn, human blood, &c. varying the propor- 
tions of thefe fubftances many different ways, without 
ever being able to produce a fingle atom of Phof- 
phorus : which gave this able Chymift juft cauie to 
fufpeft that the Marine Acid, while pure and crude, 
is not capable of combining with the Phlogifton in 
the manner requifite to form a Phofphorus ; that 
for this purpofe it is neceflary the Acid (hould have 
con traded a previous union with fome other mattery 
and that the Acid found in Urine hath probably un- 
dergone the neceffary change. M. Marggraff is of 
opinion that the matter, which by its union renders 
the Marine Acid capable of entering into the com- 
pofition of Phofphorus, is a fort of exceedingly fub- 
tile vitrifiable earth. The experiments he made up- 
on the Acid of Phofphorus will (hew that his notion - 
is not altogether groundlefs. M. Marggraff having 
let fome urine, evaporated to the confiftence of ho- 
ney, ftand quiet in a cool place, obtained from it, 
by cryftallization, a Salt of a Angular nature. By 
diftilling this urine afterwards, he^fatisfied himfelf 
that it yielded him much lefs Phofphorus than 
urine from which no Salt had been extrafted; 
and as it cannot be entirely deprived of this Salt, he 
thinks that the fmall quantity of Phofphorus which 
this urine yielded him came from the Salt that was 
ftill left in it. 

Further, he diftilled this Salt feparately with lamp- 
black, and obtained from it a confiderable quantity 
©f very fine Phofphorus. He even mixed Luna cor- 

nsa 
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nea with this Salt,, in order to fee whether it would ^ 
not increafe the quantity of his Pholphorus; but 
without fuccefs : whence he concluded that in this* 
Saline matter refides the true Acid that is fit to en- 
ter into the compofition of Phofphorus. This opi- 
nion is confirmed by feveral experiments on thci 
Acid of Phofphorus, which he found to have fome 
properties refennibling thofe of this Salt. 

The Acid of Phofphorus feems to be more fixed 
than any^ other : arid therefore if you would fepa- 
rate it by burning from the Phlogifton with which 
it is united, there is ;no occafion for fuch an appar 
ratus of veflels as is employed for obtaining the Spi- 
rit of Sulphur. For this Acid will remain at the bot- 
tom of the veflel in which you burn your Phofpho- 
rus: indeed, if it be urged by the force df fire, its mofl 
fubtile part evaporates, 'and the remainder appears 
in the form of a vitrified matten 

This Acid effervefces with fixed and volatile Alka- 
lis, and therewith forms Neutral Salts -, but very dif-. 
ferent from Sea-falt, and from Sal Ammoniac. That 
which has a fixed Alkali for its bafis dees not 
crackle when thrown on burning coals ;* but fwells and 
vitrifies like Borax. That which has a volatile Al- 
kali for its bafis Ihoots into long pointed cryftals ; 
and, being urged by fire in a retort, lets go its volatile 
alkali, a vitrified matter remaining beWnd. This 
Salt is like that abovementioned, as obtained from u- 
rine and yieldmg Phofphorus. 

It appears from the experiments adduced, that 
the Acid of Phofphorus tends always to vitrification ; 
which proves that it is not pure, and gave M. Marg- 
graff caufe to think that it is altered by the admixture 
of a very fubtile vitrifiable earth. 

M. Marggraffalfo obtained Pholphorus from fe- 
veral vegetable fubftances which we ufe every day 
fpr food. This gives him occafion to conjeifture that 

T 3 - . ^ the 
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the Salt rcquiCtc to the formation of Phcrfphbrtf* 
cxifts in vegetables, 4nd paffcs from thence into the 
animals that feed upon them. 

Laftly, he concludes his dififertation by informing 
us of a very important truth, viz. That the Acid 
obtained from Phofphorus, by burning it, >^iU fervc 
to form Phofphorus anew ; for which purpofe it need 
only be combined with fome tharred coal, fuch as 
lamp-black, and diftilled. 

From what hath becnfaid on this fubjeft it is plain 
the Chymifts have a great many curious and intereft- 
ing enquiries to make concerning Phofphorus, and 
particularly concerning its Acid. 

I fhall conclude this article with an account of 
certain properties of Phofphorus which I have not 
yet mentioned, 

Phofphorus difiblves by lying expofed to the air. 
What water cannot efFeft, fays M. Helloc, or at 
lead requires eight or ten years to bring about, the 
moifture of the air accompliflies in ten or twelve 
days; whether it be that the Phofphorus takes fire 
in the air, and the inflammable part evaporating, al- 
moft entirely, leaves the Acid of (he Phofphorus nak- 
ed, which like all other Acids, when exceedingly con- 
centrated, is very greedy of moifture 5 or clfe that the 
moifture of the air, being water divided into infi- 
nitely fine particles, is fo fubtile as to find its way 
through the pores of the Phofphorus, into which the 
grofler particles of common water can by no meant 
Jnfinuate themfelves.' 

Phofphorus heated by the vicinity of fire, or by 
being any way rubbed, foon takes fire and burns 
fiercely, It is foluble in all Oils and in Ether, giv- 
ing to thofe liquors the property of appearing lumi- 
nous, when the bottle containing the folution is open- 
ed. Being boiled in water, it likewfe communicatei 
thereto this luminous quality. M. Morin, Profcf- 
for at Chartrcs, is the author of this obfqrvation. 

The 
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The late Mr. Grofle, A cfekbmtcd Chymift, 6t 

the Academy of Sciences, obferved that Phofpho- 

rus being diflblved in eflentiftl oils cryftallizes therein. 

'Thefe cryftals take fire in the air, either when thrown 

into a dry veflcl, or wrapt up in a piece of paper. 

If they be dipped in Spirit of Wine, apd taken out 

immediately, they do not afterwards take fire in the 

air : they fmoke a little, and for a very (hort time, 

but hardly wafte at all. Though fome of them 

-were left in a fpoon for a fortnight, they did not 

feem to have loft any thing of their bulk : but when 

the fpo0n was warmed a.litde they took fire, juft like 

-^rommon Phofphonis that had never been diflblved 

^nd cryftallized in an efiehdal oil. 

M* Marggrafi^, having put a dram of Phofpho- 
nis with an ounce of highly concentrated Spirit of 
Nitre into a glafs retort, obferved that, without the 
help of fire, the Acid diflblved the Phofphorus ; 
that part of the Acid came over into the recipient 
tvhich was luted to the retort ; that at the fame time 
the Phofphorus took fire, burnt furioufly, and burft 
the veflels with explofion. Nothing of this kind 
happens when any of the other Acids, though con- 
centrated, are applied to Phofphorus. 



PROCESS III. 

^0 decompofe Sea-Salt by means of the Vi iridic Acid, 
Glauber* s Salt. The Purification and Concentration 
of Spirit of Salt. 

PU T the Sea- fait from which you mean to cx- 
traftthe Acid into an unglazed earthen pipkin, 
and fee it amidft live coals. The Salt will decfepi- 
' tate, grow dry, and fail into a powde'r. Put this 
decrepitated Salt into a tubulated glafs'retort, leav- 
ing two thirds theftof empty. Set the retort in a 
•reverberating furnace j apply a receiver like that 

T 4 ufcd 
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ufed in diftilling the fm^king Spirit of Nitre, and 
lute it on in the fame manner, or rather tnoi:e ex- 
jtftly if poffible. Then through the hole in the up- 
per convexity of the retort poui* a. quantity of WghJy 
concentrated Oil of Vitriol, equal in weight to about a 
third pare of your S^lt, and immediately (hut- the 
hole very clofe with a glafs ftopple, firft rubbed 
therein wi:h emery fo as to fit it exaftly. 

As foon as the Oil of Vitriol touches the Salt, 
the retort and receiver will be filled with abundance 
pf white vapours ; and foon after, without lighting 
any fire in the furnace, drops of a yellow liquor will 
diftill from the nofe of the retort. Let the diftiUa- 
tion proceed in this manner without fire, as long ^ 
you perceive any drops come : afterwards kindle a 
very fmall fire under the retort, and continue diftil- 
ling and railing the fire by very flow degrees, ^nd 
with great caution, to the end of the diftiJiation ; 
which will be finifhed before you have occafion to 
make the retort red-hot. Unliite the. veflels, and 
without delay pour the liquor, which is a very fmok- 
ing Spirit of $ak, out of the receiver into a cryftal 
bottk, like that direfted for the fmpking Spirit pf 
Nitre. 

OBS ERFAriON.SL 

Sea-Saltj as hath been already faid, is a Neutral 
Salt compofed of an Acid, which differs from thofe 
of Vitriol and Nitre, combined with a Fixed Alkali 
that has fome peculiar properties ; but does not vary 
from the others in its affinities. This Salt therefore, 
as well as Nitre, muft he decOmpofed by the Vitri- 
olic Acid ; which accordingly is the cafe in the pro- 
cefs h^re d^fcribed. The. Vitriolic Acid unites with 
the Alkaline bafis of the Sea-fajt, and fcparates its 
Acid ; and that with much greater facility than it ex- 
pells the Nitrous A9id frqm it^ Alkaline bafis, he- 

piufe 
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caufe the Add of Sea- fait has* not fo great an affinity 
as the Nitrous Acid with Fixed Alkalis. 

' As a highly concentrated Oil of Vitriol is ufed 
on this occafion, and as the Sea- fait is previoufly 
dried and decrepitated, the Acid obtained from it 
by diftillation is very free from phlegm, and always 
fmokes^ even more violently riian the ftrongeft Acid 
of Nitre. The vapours of this Acid are allb much 
more elaftie and more penetrating than thofe of the 
Nitrous Acid : on which account thi^ diftillation of 
the fmoking Spirit of Salt is one of the moft diffi*- 
cult j moft laborious, and moft dangerous operations 
in Cbymiftry. 

This procefs reqtiires a tubulated retort, that the 
Oil of Vitriol may be mixed with the Sea-falt after 
the receiver is well luted to the retort, and not be- 
fore:, for, as foon as thefe two matters come toge- 
ther, the Spirit of Salt ruflies out with fo much im- 
petuofity, that, if the veflels were not luted at the 
time, the copious vapours that ifroitld iffue through 
the neck of the ballon would fo moiften it, as well 
as the neck of the retort, that it would be imprafti- 
cable. to apply the lute and fecure the joint as the 
operation requires. Moreover, the operator would 
be exppfed to thofe dangerous fiimes, which, on this 
occafion, nifli out and enter the lungs with fuch in- 
.eredible activity as to threaten inftant fufFocation. 

Having faid fo much of the elafticity and adivity 
of the fumes of Spirit of Salt, it is need left to in- 
fift upon the n^ceflity of giving vent to the veflels 
from time to time, by opening the little hole of the 
ballon : indeed the beft way to prevent the lofs of a 
great many vapours, on this occafion, is to employ 
adopters, and cover them with wet canvas, which will 
cool and condenfe the vapours they contain. 

When the qperation is finifhed, we find a white, 

faline mals at the bottom of the retort as in a mould. 

. If this mafs be diflbjLvfid m water, ^ the folution 

cryftair 
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cryftallizcd, it yields a c6nfiderable quantity of S< 
fait that hath not been decompofed, and a Neutrad 
Salt odnfifting of the Vitriolic Acid united with the 
Alkaline bafis of that part which hath been :decotn«- 
pofed. This Neutral Salt, which bears thenanle 
of Glauber its inventor, differs from VitriolatocL 
Tartar^ or the Sal de duobus^ which remains after 
iJiftilling the Nitrous Acid, cfpccially in that it is 
more fufible, more foluble in water, and hath its 
cryftals differently figured. But asin thefe two Salts 
the Acid is the fame, the differences that appear be- 
tween them mud be attributed to the peculiar na- 
ture of the bafis of Sea-falt. 

Spirit of Salt drawn by the procefe above de- 
fcribed is tainted with a fmall mixture of the Vitri- 
olic Acid, carried up by the force of fire before it 
had time to combine with the Alkali of the Sca- 
falt ; which happens likewife to the Nitrous Acid 
procured in the fame manner. If you defire to have 
it pure, and abfolutely free from the Acid of Vitriol, 
it muft be diftilled a fecond time from Sea-ialt, as 
the Acid of Nitre was before direfted to be diftilled 
again from frelh Nitre, in order to purify it from 
any Vitriolic taint. 

Sea-falt, as well as Nitre, may be decompofed by 
any combination of the Vitriolic Acid with a metal- 
lic or earthy fubftance : but it is proper to obferve, 
that if you diftill Spirit of Salt by means of Green 
Vitriol, the operation will not fuccecd fo well as 
when Spirit of Nitre is diftilled in the fame manner : 
lefs Spirit is obtained, and a much fiercer fire is re- 
quired. 

The caufe of this lies in the property which the 

Acid of Sea-ialt poffeffes of diffolvina Iron, even 

when deprived of a part of its Phlogifton by hav- 

. ing contrafted an union with another Acid ; fo that 

. it is no fooner diflodged from its own bafis by the 

Vitriolic Acid, than it unites with the ferruginous 

bafia 
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b&jfis of the Vitriol, from which it cannot be fep9>* 
rated but by a moft violent fire. This is the cOnfe- 
quence niore efpecially when calcined Vitriol is made 
ule of : for moifture, as we Ihall prefently fee, great- 
ly facilitates the feparation of the Marine Acid from 

thole fubftances with which it is united. 

« 

When you do not defire a highly d^phlegrriated 
^nd Imoking Spirit of Salt you may diftill with the 
additaniieht of any earth containing the Vitriolic 
Acid ; as Clay, for inftance^ or Bole, To this end 
one part of Sea-felt, flightly dried and reduced to a* 
fine powder, muft be accurately mingled with two 
parts 6{ the earth yoq intend to employ likewife 
pulverized ; of this mixture make a ftiff pafte with 
d proper quantity of rain water, and having formed 
little balls thereof about the fize of a hazel nut, let 
them dry in the furl j when dry put them into a 
ftone or coated glals retort, leaving a third part 
thereof empty ; fet this veffel in a reverberating 
furnace, covered with its dome •, apply a receiver^ 
which need not be luted on for feme time ; and 
heat the veflels very flowly. At firfl: an infipid wa-» 
ter will rife ; which muft be thrown away : after- 
wards the Spirit of Salt will appear in white clouds.- 
Now lute your veflels, and raife the fire by degrees i 
which towards the end muft be puflied to the utmoft 
extremity. The operation is known to be finifhed 
when no drops fall from the nofe of the retort, the 
receiver cools, and the white vapours that filled it 
are feen no more. 

The Spirit of Salt obtained by the procefs here 
delivered does not fmoke, and contains much mori 
phlegm than that which is diftilled by means of the 
concentrated Oil of* Vitriol -, becaufe the earthy 
though dried in the fun, ftill retains a great deal of 
moifture, which commixes with the Acid of the Sea- 
fait. Confequently it is much eafier to colleft it;s 
vapours } fo that this oJ)er^tiQn is attended with 

much 
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mwch IcG trouble than the other. Neverthelels it is 
ad vileable to proceed gently 5 to apply bub little heat 
at firft, and to unftop every now and then the fmali 
hole of the receiver : for a quantity of the vapours 
0/ Spirit of Salt, even when weakened by the ad- 
mixture of water, is very apt to bur ft the veflels. 

A much greater degree of fire is ncceflary to raife 
the Spirit of Salt by this latter procefs, than by thatio 
which the pure Vitriolic Acid is employed : for, as 
i2&. as the Spirit of Salt is diflodged from its own 
bafis by the. Vitriolic Acid contained in the earth 
made ufe of, part of it joins that earth, and can- 
not be feparated from it without the mod: violent 
beat« 

A Spirit of Salt that fhall not fmoke may alfo be 
obtained by means of the pure Vitriolic Acid. Spi- 
rit of Vitriol, or Oil of Vitriol lowered with a good 
deal of water, will do the bufinefs. 

Some Chy mifts direft a little water to be placed in 
the receiver, when Spirit of Salt is to be diflilled by 
the intermedium of concentrated Oil of Vitriol, in or- 
der to make the acid vapours condenfe more readily. 
By this means indeed fbme of the inconveniences 
attending the diftillation pf fmoking Spirit of Salt 
may be avoided : but on the other hand, the acid 
vapours being abfolutely fuSbcated by the water as 
fail: as they come over, the Spirit of Salt obtained 
by this method will be no lefs aqueous than that 
procured by the interpofition of earths : fo that 
here is an expence to no manner of purpofe. There- 
fore, when a Spirit of Salt is defired that fhall not 
fmoke, it is beft to employ an additament of eardi ; 
and that fo much the rather as the Marine Acid ob- 
tained by this means is purer a«d freer from any Vi- 
triolic taint, for the reafons already afljgned. 

Part of the Acid of Sea-falt may be feparated 
from its Alkaline bafis by the force of fire alone, 
without the intervention of any other body. With 

thi^ 



Practice of ChVMistry. 28'^ 

tViis view the Salt muft beput into the retort without 
being dried. At firft an infipid water rifes -, but it 
gradually becomes acid^ and hath all the properties 
of Spirit of Salt. When the Salt in the retort is 
grown perfeftly dry, nothing more can be forced 
dver by any degree of heat whatever. If you would 
obtain n>ore Acid from the fame Salt, you muft take 
it out of the retort, where you will find it in a lump, 
reduce it to powder, and expofe it to the air fou 
fome time, that it may attraft the moifture there- 
of ; or elfe wet it at once with fome rain watef , and 
diftill as before. You will again have an infipi4 
water, and a little Spirit of Salt ; which will in 
like manner ceafe to rife when the Salt in the reto« 
becomes dry. This operation may be repeated , as of- 
ten as ftiall be thought proper : and perhaps it may be 
poffible to decompofe Sea-falt entirely by means 
thereof, without the inter pofition of any other body. 
The Spirit ol" Salt thus obtained is exceeding weak, 
in fmall quantity, and loaded with much water. 

This experiment proves that moifture greatly fa^ 
cilitates the feparation of the Acid of Sea-falt from 
the matters with which it is united : and this is the 
reafon that, in diftilling of Spirit of Salt with the ad- 
ditament of an earth, the operation requires much 
Icfs fire at the beginning, while the earth and fait re- 
^ tain a great deal of humidity, than towards the end, 
when they begin to grow dry. 

After the operation there remains in the retort a 
faline and earthy mafs, which contains, i. Some 
entire Sea-falt that has fuffered no decompofition ; 
2. A Glauber's Salt which is, as we faid before, a 
Neutral Salt confifting of the Vitriolic Acid united 
with the Alkaline hafis of the Sea- fait, from which 
it hath expelled its proper A cid -, 3 . Part of the 
earth ufed as an intermedium, ftill retaining- a por- 
tion of its original Vitriolic Acid, which, happening 
not to lie near enough to any particles of Sea fait, 

could 
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could not exert its power in decompofing tfaem^ and 
fo remains united with its earthy bafis ; 4. i^Lnotber 
part of the fame earth, impregnated with fbme of 
the Marine Acid> which combined therewith upon 
being expelled from its Alkaline bafis by the Vitri- 
olic Acid, and which the forcd of fire was unable (o 
^parate from it when the matters were grown per- 
fedly dry. In confequence of what remains in this 
caput mortuum^ if the whole mafs be triturated^ 
moiftened with a little water, and diflilled a lecond 
time, confid'erably more Spirit of Salt will be ob- 
tained from it : and the fame is to he faid of all 
diftillations of this fort. 

Spirit of Salt obtained by the means of any other 
additament than concentrated Oil of Vitrioi is gene- 
rally very weak ; but it may be depUegmatcd and 
concentrated, if required, much in the (mK mw-. 
ner is Oil of Vitriol. For this piirpofe yx}\i muO: 
put it into a glafs cucurbit, let it in a balneum mori^^ 
fit thereto a head and a receiver, and with a mode-- 
rate degree of heat draw off one third or one half of 
the liquor. What comes over into the receiver wil^ 
be the moft aqueous part, which being the 4igjit3eft 
will rife fir ft, impregnated however with a littic 
acid : in the cucurbit wi]l be left a concer^r^e4 Spi- 
rit of Salt, or the moft acid part, which* bping th^ 
heavicft will not rife with tlie degree of heat tbst is 
capable of carrying up the phlegm. Spirit of S^? 
thus concentrated, called alfo Oil of Saitj^ does not 
fmoke : it is of a yellow colour inclining to %rcm^ 
and an agreeable fmell not unlike that of feftrpij. 
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PROCESS IV. 

To decompofe Ses-falt by means of the Nitrous Mi 
Aqua regis, ^adrangukr Nitn, 

TAKE dried Sea-falt : bruifc it to powder :*put 
it into a glafs retort, leayingonfe- half bf&fc 
veffel empty, i^our upon it a third of its weight 

1^ / ^ of 



Practice of Cuyuistry. zSf 

of good Spirit of Nitre.. Place your retort in the 
iand-bath of a reverberating fbrnacc ; put on the 
dome ; lute to the retort a receiver having a fmall 
Hole in it, and heat the veflels very flowly. There 
Will come over into the receiver fome vapours, 
and an add liquor. Increafe the fire gradually till 
nothing more rifes^ Then tintote the veflels, and 
pour the liquorout: of the. receive into a cryflal bot« 
tie, flopped like t)thers containing Acid Spirits. 

OBS EHFJTIONS. 

The Nitrous Acid hath a ^esasr affinity thatt ths 
Marine Acid with Fixed Alkalis. When therefore 
JS{nrit of Nitre and Sea-fak are mixed together, the 
f^me confequences, in fome meafure, will folbw, as 
when the Vitriolic Acki is mixed with that Salt ;. that 
is, the Nitrous Acid will, like the Vitriolic, decom- 
pofe It, by i^flodging its Acid from its Alkaline ba- 
ils, and afTuming its place. But as the Nitrous A^ 
cid is confidcrably weaker, and much lighter, . than 
the Vitriolic Acid -, a good deal oi it rifes along with 
the Acid of Sea-ialt during the operation, Ihe li- 
<|uor found in the receiver i$ therefore a true Jqua 

if ^e(:rc|)itated Salt, and a right fmoking Spirit of 
Nitre,- be cmpldyed in this procefs, the Jqua ugis 
dbtatned wilt be very ftrong ; and during the opera-r 
tion very eljiftic vapours will rufli out and burft the 
veflels, if thofe precautions be not taken which we 
' pointed dut as neceflary in diftilling the Spirit of Ni- 
tre, and the fmoking Spirit of Salt. 

•Tb^ operation being finiftied, there is left in the 
retort a (aline mafs, containing Sea- fait not de- 
compofed, and a new fpecies of Nitre, which hav-' 
ing for its bafis the Alkali of Sea- fait, that is, as wp 
have feveral times obferved, an Alkali of a peculiar 
nature, differs from the con^mon Nitre, i. In tbQ 
iBgur? of its cryfl;als 5 which are folids of four fidesj 

formed 
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formed like lozenges; 2. In that it cryftallizes with 
more difficulty, retains moje water in its cryftals, at- 
trafts the moifture of the air, and diflblves in water 
with the fame circumftances as Sea- fait. 
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Of Borax, 



PROCESS. 

^0 decpmpofe Borax by the means of Acids ^ and to fe- 
far ate from it the Sedative Salt by fuhlimdtion and 
by cryflallization. :* 

REDUCE to a fine powder the Borax from 
which you intend to extraft the Sedative Salt. ' 
Put this powder into a wide-necked glals retort. 
Tour upon it an eighth part of its weight of com- 
mon v^ater, to moiften the powder ; and then add 
concentrated Oil of Vitriol, to the weight of fome- 
what more than a fourth part of the weight, of the 
Borax. Set the retort in a reverberatory, make a- 
moderate fire at firft, and augment it gradually till 
the retort become red-hot. 

A little phlegm will firft come over, and then 
with the laft moifture that the heat expells the Se- \ 
dative Salt will rife ; by which means fome of it will 
be diflblved in this laft phlegm, and pafs therewith 
into the receiver ; but moft of it will adhere in the form, 
offaline flowers to the fore-part of the neck of the re- 
tort, juft where it is clear of the groove of the furnace. 
There they colleft into a heap, which the fucceeding 
flowers pufh infenfibly forward till they flightly ftop 
the paflTage. Thofe which rife after the neck is thus 
flopped ftick to the after- part of it which is hot, vi- 
trify 
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rify in fome meafure, and form i circfe of fufcd 
iBalc. In this ftate the flowers of the Sedative Salt 
Ifeem to ilTue out of the circle, as from their bafis: 
%hey appear like very thin, light, Hiining fcales, 
and mult be brulhed off with a feather. 
J At the bottom of the retort will be left a faline 
Inals : diffolve this in a fufficient quantity of hot wa- 
ter ; filter the folution in order to free it from a 
trown earth which it depofites ; fet the liquor to e- 
' vaporate, and cryft'alS of Sedative Salt will form in 
it. ^ 

OBS ERVATIONS. 

Though Borax is of great ufc in many chymical 
operations, efpecially in the fufion of metals, as 
we fliall have dccafidn to fee, yet till of late years 
Ghyihifts were quite ignorant of its nature, as they 
ftill are of its origin; concerning which we know no-^ 
thing with certainty, but that it comes rough from 
the Eaft Indies, and is purified by the Dutch. 

M. Homberg was one of the firft that attempted 
to analyfe 'this Salt. He fhewed that mixing it with 
the Vitriolic Acid, and diftilling the mixture, a fait 
fublimes in little fine needles. - This produft of Bo- 
rax he called by the name of Sedative Salty becaufe 
he found it had the property of moderating the great 
tumult and heat of the blood in fevers. - - 

• After M. Homberg other Chymifts alfo ex- 
ercil'ed themfelves on Borax. M. Lemery difcover- 
cd that the Vitriolic is not the only Acid by means 
of which the Sedative Salt may be obtained from 
Borax i but that either of the other two Mineral A- 
cids, the Nitrous or the Marine, niay be ufed in its 
ftead. 

, M. Geoffroy hath greatly facilitated the means of 
obtaining the Sedative Salt from Borax ; having 
(hewn that it may be cxtrafted by cryftallization as 
Mrell as by fublimation \ and that the Sedative Salt 

Vol. I. U fo 
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ib obtained i$ in^ na itfoeft iRfierioiir to cb^t iiritii 
was procured before by. fubysnation only. 1 
hi(m ai^ we aie ic^eb^ed for t^ ^q^^fy ^9^ i 
the compofition of Borw there is an Alk^dm^ Sal 
of the fame nature as the bafis of Sea-fak. Xki^ k 
fecund by Qbiervwgtliiat lie gpc a Ql^j^ber^s Sajt fKuii 
^ ioluciw o^ Borax mto which he bad poiud 
fi)^Me Viirioli^ Acid wiib a view to obtain icst Sedor 
tive S^lt. 

I,ai||y» M> BaFQi^3, whom we m^ntionec} before 
on occafion of this Salt, hath proved, by a great nufi^ 
ber of experiments, that a Sedative Sate may be fHtx- 
cured from Bocax by the help of V^ecable Acids, 
ivhich was never done by aoy body before him ; that 
the Sedative Sa^ is. ^q% a comblPatioa of an AIluu 
line matitjer with the Acid ma^le ufe of ia ex|tra<5ijxig 
itj as fome of \t% properQos ieenaed ^ indicatie ; hot 
thajt ii; extfts preyioufly and completely formed m the 
^a^. •, thAC th^ Acid employed to extraft it onl^ 
helps to difengage it from the Alkali with which il 
l^umted^ that this Alkali is actually of the &ne 
fixture as the bafis of Sea>ialt, becaufe that after ex^ 
tra6ting th^ Sedative Salt, which byits union there^ 
with forma th^ Borax, a Neutral bait is. founds of 
ths fame ipn with that which would be produced by 
combining thg ^}^ of Sqa-fak wi^ the particulai 
Acid made ufe of ; that is,, if with the Vitriolic 
Acld^ a^Ghuber's fal^t ; if with the Nitrous Acid^ a 
quadraogglar Nitre j and if with the Marine Acid* 
a true Sea-falt i and laftly, that the Sedative Salt may 
be r^-united to its Alkali^ and re-produce ^ Borax, 
. Nothing thfs^Before now remains, to give us. all the 
infight we can, dcfire into the nature q{ Borax, but 
to know what the Sedative Salt is. M. Baron toth 
already given us cqrtaip negative notices concerning 
k, by lhewii>g what it is not i that is, that the A- 
cid. employed in its extradion doth not enter into its 
compofKion. Weh^vc great roafon to hope that he 

will 



will c^rry W^ rtiqui riesf ftiB further, Attd deaf tjj) all 
our dm^i^ts ofi thi^ fiibjedl^. 

The Sedative Salt may be extrafted fit«A Koraje, 
not oAly by the mesM of pore artd Ample Ad(is, btft 
ad ib by ttie fame Atkfe combined \rith a metallie b^- 
lis. Thus Vitriols, fot inftance,, may be employed 
•for tbfe porpofe with good foceefe. Ft i^ eafy to fee 
that die Vitriol mafi be dcdotnpoied att thir dtcafi- 
<m^ and that its^ Add catirtot timte ivltfi th'e\ Alkali 
in 'iHiich the Sedadrc Salt is lodged, without quitting 
its ztietaUie bifi^, wWcih muft of cocrffe precipiratS^. 
TheSedajfive Saltaftually fubfimes?, when a* liquid 
ccmtsaning k U diftiJled;. but it does not thcrefofre foi* 
low that it i^ nattirally vofatife. It rSes only by the 
aid of the water wifth whieh it is mixed.. The proof 
of this afi&rciort is, that, whemall the humfdity of the 
inixtt:^^' containinfe this Sdf i$f difSpated, nO more 
Salt will rife, be the* fire ever fo vblent -, add that 
by adding more water to moiffen the dried mafs con- 
taining it, more Srft wiiF eviery time be obtained, 
through many repeated dfftlHatiOhs; Irt the fame 
manner, if (bme Sedathrt Safit be mdtfened, aftdex- 
pofed to a proper degree of heat, a irnall quantity 
thereof will rife at f^ by the help of the water ; 
but as loon as it grows dry it remains exceedingly 
fixed. This obfcrvation we owe to M. Rouellc. 

The Sedative Salt hath the appearance and the 
tafte of ^ Neutral Salt : it docs not change the co- 
lour of the juice of vioIets^; nor docs it eafily^diflblve 
in wattr ; for it requires a quart of boifin^ w^ter to 
diflblve two oonces of it: yet, with regard tO Alka- 
lis, it has the properties of an Acid ; it* unites with 
thofc faks, forms therewith a fafine compound which 
cryftaliiaeiB, and even-expells the Acids that* happen 
to be combined with them •, fo that' it decompofcs 
the fame Netitral Srits* that are decompdfed by the 
Vitriolrc Add. 

If t The 
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r Xbc Sedative Sak, when fuddenly expolecJ tx> the 
Violent heat of a naked fire, lofcs near half its iveight, 
melts^ puts on -and retains the appearance of gl^ ; 
^but its nature ftill remains unchanged. This gla6 
diffolves in j^atcr, and (hoots anew into cry ftals (^ \ 
Sedative Salt. This Salt communicates to the Al- 
Icaiinc fait with which it is united, when in the form I 
of Borix, » the property of melting with a moderate 
licat, apd forming a kind of giafs; and 'tis this I 
.grt^t fuGbility that recommends the frequent ufe of 
Borax as a fiux foraffaying ores. It is alfo employ- | 
jcd fomecimes as an ingredient in the compofition of 
^lafs; but, in time, it always communicates thereto 
the fault which us own glafs hath, namely that of tar- 
nifhing with the,air. The Sedative Salt hath more- 
over the fingular property of diffolving in Spirit of 
Wine, and of giving «o its flame, when fet on firc, 
a beautiful green colour. . All thcfe obfervdtions we 
owe to MeflT. Geoffrey and Baron. 

M. Gepffi oy prepares the Sedative S^lt by cryftal- 
lization .only in the following manper, " He dif- 
'^^ folves four ounces of refined Borax in a fufficient 
/' quanSty of warm water, and then pours into the 
. " folution one ounce and: two drams of, highly con- 
centrated Oil of Vitriol, which makes a crackling 
" noife ^s it fajls in. When this mixture; has flood 
evaporating for fome time, the Sedative Salt be- 
gins po make its appearance in little, fine, Ihining 
*'. plates, floating on the furface of the liquor. Ihe 
'" evaporation is then to be flopped, and the plates 
"" will by little and little encreafe in thicknefs and 
breadth. They unite together into little tufts, 
forming with each other liindry different groups. 
**' If the veffel be ever fo little ftirred, the regularity 
^*' of the cry ftals will be difturbed ; fo that it muft 
1.". nor be touched till the cryftallization appears to he 
*^* firiifhed. • The cryftalline cluft:ers, being grown 
," »too bulky and too heavy,; will then fall of them- 

" felves 
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** felves to the bottom of the veflel. Tliis bdrig bb- 
^ ' fcrved, the faline liquor muft be gently^decan.tdd 
^ * from thofe little cryftals, which, as thej^ are not ea- 
** lily diffolvjed, muft bewafhed clean, ijy pouiin^ 
** cold water flowjy on the fides of the pari, three 6t 
*' four times fucceilively, in order to rinfeouc allre- 
^^ mains of the faline liquor, and then fet firft todraih', 
* ^ and afterwards to dry, in the fun . This Salt, in the 
* ' form of light flakes of Jnbw^ is now fofr to thi 
touch, cool in the mouth, (lightly bitter, crackling 
a little between the teeth,' and leaving' a fmallim- 
preffion of acidity on the tongue. It will keep Jong 
without giving or calcining, if managed accord-f 
*' ing to the preceding direflions ; . that is, • if it be 
** exadly freed from its faline. liquor • i ' '■ '■ -^ 

*' It differs from the Sedative Salt obtained by 
" fublimation in this , refpcft only, r that- not with- 
** ftandingits feeming lightnefs it is. a. little- heavier 
" than the other. M. Geoffroy fujppbleScthe caufe 
*' of J this weight to be, that, as feveral of the thinf 
** plates adhere together in cryftallizing, they retainf 
'f between them fome fmall matter of humid|ty •, pr^ 
if you will, that, as they form larger cryftals, they 
prefent lefs furface to the air which elevates light 
*' bodies : whereas, on the contrary, the other Se- 
" dative Salt, being driven up by the force of fire, 
*f rifes into the head of the cucurbit in a more fubtilc 
<* form, having its particles much more expanded 
" and divided. 

*' M. Geoffroy, having put his Sedative Salt made 
*' by cryftallization to all the fame trials with that 
*' made by fublimation, fatisfied himfelf that there 
" is no other difference between the two. If the 
*' Sedative Salt made by cryftallization happens to 
*' calcine in the fun •, that is, if its Juftre tarnijQies, 
" and its furface grows mealy, 'tis a fign that it ftill 
*' contains either a little Borax or fome Glauber's 
•* &dk '^ for thcfe two Salts are apt to calcine in this 

U 3 *' man* 
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<» iiiaoner» ud pure Sedbdve Salt fliould not far ^iib- 
^< je^ to this incanTenience, In oidar to purifj^ it, 
^^ tjoA free it entirely from thofe Salts, it mufl: be 
^< 4ifi9lve((i once more in boiling water. As ibon 
^^ th|> w^ter ccx)Ist the Sedative Salt re* appears 
^ ligbtf ihtning^ cryftaliuie plates, fwimming in tHc 
^^ liyior. Alfsr ftandiii^ feiir and twenty hours, the 
*^ liquor miift be decanted, and the fait wafhed widr 
^^ mh watery by which means it will be very puns 
^ rad beaistiful." 

Glauber's Salt and Borax dtflblve in water with 
TVftly mum eafii than ^ Sedadve Salt, and confe- 

SUOitly do not cryftallize fe readily by much : 
> diat the finaU portion o£ thofe fidts, which may 
have been Idft on the furfaoe of the Sedative Sak, be- 
ing diftifed throodi a large qiiaittky of water, con- 
timies in a fbat oi iblution» while die Sedative SbIi 
ciryftaUius % which beinp al^ waflied afbcrwards with 
fmr watfiT) it b impofl^e that the fm^Ieft particle 
gf diii6 other Salts (bould remain adhering to it \ 
9rid eon&qutttly thia muft be darned ah excellent 
li^ofpuitfyingi^* , 
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CHAP. 1, 

Of G<>LD. 



P R O C E S S I- 

5V feparate Gold^ hy Anmlganuition with M&cwy^ 
fr&m the Earths and Stones with which U is fauni 
mixed. 

PULVERIZE thicai-thstnd ftoncs contain- 
ing Gold. Put the powder into a Kttle Wdodea 
tray ; dip this tray in water^ gently fhakii^ it and its 
contents. The water will grow muddy, by taking 
up the earthy paits of the ore. * Continue W^fhing it 
ih this manner till the water ceafe to appear turbid^ 
Upon the ore thu3 wafhed poxxv (fat)ng vinegar, hav- 
ing firft difTolved therein^ by the h€}p of heat, about 
a tenth part of its weight of akinii The powder 
muft be quite drenched and Covered with this litjuor^ 
and fo left to ftand for twici twenty four hours. 

Decant the vinegar, and wa(h your powder with 
warm water, till the laft that comes off hath no tafte : 
then dry it^ and put it imo an iron mortar, with 
four times its weight of Quick-filver : triturate the 
whole with a heavy wooden peftle, till all the pow- 
der be of a blackilh colour : then pour in a little wa- 
ter, and continue rubbing for ibiiie time longer. 
More earthy and heterogeneous particles will be fe- 
parated from the metalline parts by means of this 

U4 water 
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water, which will look dirty : it muft then be decan-j 
ted, and more fair water added. Repeat this feverjj 
times 5 then dry what remains in the mortar -with m 
fponge, and by the help of a gende he^t -, you wil 
find it an Amalgam of the Mercury with the Gold. 

Put this Amalgam into a chamoy bag : tie a knot 
on its neck, and fqueeze it hard between your 
fingers, over fome wide-mouthed veflel ; there wiH* 
iffue through the pores of the leather numberlels lit- ' 
tie jets of Mercury, forming a fort of Ihower, that 
will colle6l into large globules in the veflel placed 
underneath. When you can force out no more Mer- 
cury by this means, open the bag, and in it you will 
find the Amalgam freed from the fuperfluous Mer- 
cury i the Gold retaining only about as much there- 
of as nearly equals itfelP in weight. 

Put this Amalgam into a glafs retort : fet this re- 
tort in the fand bath of a reverberating furnace ; co- 
ver it quite over with fand ; apply a glafs receiver 
half full of water, fo that the nofe of the retort may 
be under the water. The receiver need not be luted 
to the retort. Give a gradual heat, and raife the 
fire till drops of the fublimed Mercdry appear in 
the neck of the retort, and fall into the. water with 
a hifling noife. If you hear any noife in the retort, 
flacken your fire a little. Laftly, when you obferve 
that, though you raife the fire ftill higher than be* 
fore, nothing more will come over; take out your 
retort, break it, and there you will find the Gold, 
which muft be melted in a crucible with Borax. 

OBSERVjriONS, , 
Gold is a perfedt mistal, which can by no means 
be deprived of its Phlogifton, and on which few, 
even of the moft powerful chyraical folvents, have 

• any efFcft : and therefore it almoft always luth its 

• metalline form when found in the earth ; from which 
^ it m^y^ fometimes be feparatcd by fimple lotioa, 
•• ' . ^ The 
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LC Gold duft found in the fends of certain river? 
is of this kind. When it refides in ftones, or tena-,», 
oious. earths, it may be extrafted by the procefs here • 
<3elivered ; to wit, by Amalgamation or combi- ! 
nation of Mercury with the Gold. Mercury is inca- 
pable of uniting with any earthy fubftances, not e- ' 
, AT^n with the metallic earths, when, they are deprived 
'of their Phlogifton and confequently have not the . 
nietalline form. , 

Hence it follows that when Mercury is triturated 
with particles of Gold, *of earth, and of ftone, min- 
gled together, it unites with the Gold, and feparates 
it from thofe heterogeneous matters. .Yet, if there 
be along with the Gold any other metal, in its me- 
talline form, except Iron, the Mercury wiiramalga- , ' 
mate with that alfo. Thii often happens to Silver, . 
which being a perfect metal, as well as- Gold, is for 
that reafon fometimes dug up in its metallinp form, 
and even incorporated with Gold. When this is 
the cafe, the mafs that /emains in the retort, after 
^bftrafting the Mercury of the Amalgama, is a com- 
pound of Gold and Silver, which are to be feparated, 
from each other by the methods we fhall give for; 
that purpofe. The prefent procefe is therefore ap- 
plicable to Silver as well as Gold. 
. Sometimes Gold is intimately combined with fuch' 
mineral n^atters as hinder the Mercury from ading, 
upon it. In that cafe the mixed mafs muft be roaft-1 
ed before you proceed to An[ialgamation : for if the. 
matters be volaxile, fuch, for inftance, as antimony 
or arfenic, the fire will carry them off; fo that after 
roafting the Amalgamation will fucceed. But fome- 
times thefe matters are fixed, and require fufion ; if 
fo,,r?courfe muft be had to fome particular methods, 
which we ihall defcribe when we come to. treat of Sil- 
ver, as thefe two perfed metals are to be treated in 
the fame manner. 

Ores 
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Ores containing Gold muft be waOiod before 
A malgam is attempted ; that the metalline parts, 
ing fr^ from the numerous particles of earth ^nth 
which they are encompafled, may the more readily 
incorporate with the Mercury. Befides, it is the pro- 
perty of Mercury to take the form of a dark unmc- 
^talUc powder, mer beine long rubbed with other 
maners, fo that it cannot be eafily diftinguifhed from 
the particles of earth. And hence, if you ftill con- 
tinue to grind the matters together after the Amtl- 
gamatiOQ is completed, and wafh them a^in aad 
again, the water that comes off will always look tur- 
bid, being impregnated with fome particles of the 
Amalgam. This is eafily proved : for if you let 
the turbid water fettle, and diftill the fediment, you 
will obtain Quick- filver from it. 

The ore is to be fteeped in vinegar charged with 
alum, in order to cleanie the furrace of the Gold, 
which is often covered with a thin coat of earth thif 
obftruds the Amalgamation. 

Great care muft be taken that the Mercury cm- 
ployed in this operation be very pure. If it he adul- 
terated with any metallic fubftance, it muft be freed 
therefrom by the methods which we ftiall propofe 
in their proper place. 

The way of feparating Mercury from Gold is 
founded on the different properties of thefe two me- 
tallic fubftances -, the one being exceedingly fixed, 
and the other very volatile. The union which Mer- 
cury contracts with the metals is not intimate enough \ 
to give the new compound which refults therefrom 
all the properties of cither of the two united fub- 
ftances ; at leaft fo far as concerns their degrees of 
fixity and volatility. Hence it comes that in our 
Amalgam the Gold communicates but very little of 
its fixity to the Mercury, and the Mercury commu- 
nicates to the Gold but very little of its volatility. 
Yet if the Mercury be diftilled off with a much 

greater 
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8 greater degree of heat than is neceffary to elevate it» 
* a pretty conliderable quantity of Gold will mod cer- 
5 tiainly be carried up along with it. 

It is alfo of confequente, on another account, 

^* tiiat the fire be duly governed on this occafion. For 

^ if too great a degree of heat be applied, and die 

i fire afterwards lowered, the water in tte receiver, 

2 vrhich covers the nofc of the retort, will rife into its 

i body, break it .to pieces, and fpoil the operation. 

i The caufe of this phenomenon depends on the 

i property which air poflfcffes of rarefying with heat 

i and condenfing with cold, joined to its weight. As 

i icon as the retort is afted on by a lels degree of heat 

r than adted on it the inftant before, the air contained 

1 therein is condenfed, and leaves a vacuum j which 

the external air, by virtue of its weight, tends to 

occupy ; but, the orifice of the retort being under 

water, the external air can no way gain admittance, 

but by pulhing in before it the water which inter*-^ 

cepts its paffage. This caution, as we obferved above, 

muff be applied to all diftillations where the ytf&U 

arc dilpofcd as they are in this. 

Care muft alfo be taken that the nofe of the retort 
be not placed too deep under water : for as the neck 
grows very warm during the operation, becaufe the 
degree of heat required to raife Mercury is dbout 
three times greater than that whkh railes water, it 
^ may eafily be broken by the contaft of the cold wa- 
ter in the receiver. 

This method of exttafting Gold and Silver from 
their ores, by Amalgamation with Mercury, is not 
to be abfolutely depended on as a fure proof of the 
quantity of thole metals that may be contained in 
the earth affayed by this means : for fome fmall pare 
of the Amalgam is always loft in wafliing it •, and 
moreover, the, Mercury, when fqueezed through 
chamoy, always carries with it a fmall portion of 
Gold. . So that if you defire to know more cx- 

aftly 
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adtly, by this method, the quantity of Gold or Sil- 
ver contained in any earth, the Amalgam muft not 
be fqueczed through chamoy, but diftilled altoge- 
ther. Much the fureft method of making an arccu- 
rate affay j? that by fufion and fcorification, which 
we (hall defcribe under the head of Silver. 

In' fome countries, and efpecially in America, 
the method of Amalgamation is ufed for extrafting 
Gold and Silver in large quantities from the ma- 
trices which contain them in their metalline form. 
. Agricola and other metailurgifts have defcribcd the 
machines by means whereof fuch Amalgamations 
arc managed. 



PROCESS ir. 

To diffolve Gold in Aqua regis, and by that means ts ' 
, feparate it frank Silver. Aurum Fulminans. Au- 
, rum Fulminans reduced. 

TAKE Gold that is perfedly piire, or alloyed 
•wrth Silver 'only. Reduce it to little thin* 
plates, by^ hammering it on an anvil. If it be not ' 
fufficiently tough, neal it till it be red in a moderate, • 
clear- fire^ quite free from fmoking coals, and then 
left it cool gradually, which will reftore its dudility. 
- When the plates are thin enough, make them red 
hot once more, and cut them into fmall bits with a 
pair of fhecrs. " Put thefe bits into a tall, narrow-^ 
mouthed cycurbit> . and pour on them twice their 
weight of good Jqua regis^ made of one part Sal 
Ammoniac, or Spirit of Salt, and four parts Spirit of 
Nitre. Set the cucurbit in a fand-bath moderately 
htfated, flopping its orifice (lightly with a paper 
.icoffin, to prevent any dirt from falling in. The 
Jipid regis will prefently begin to fmoke. Round 
the little bits of Gold will be formed an infinite . 
.niimber of fmall bubbles, which will riie to the 

furifacc 
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furface of the liquor. The Gold will totally jdltr^ 
'folve, if it be pure, and the folutipn will be of a 
"beautiful yellow colour: if the Gold, be aljoye^ 
with a.fmall quantity of Silver, the latter will; rc- 
rnain at the bottom*, of the veflel in the form of -a 
' white powder. If the Gold be alloyed with muck 
. Silver, when the Gold is diflblved the Silver will re- 
tain the form of the little metalline plates put into, 
'the veflel. ' 

When the diflblution is completed, gently pour 

off the liquor into another low, wide- mouthed^ 

glafs. cucurbit, taking care that none of the Sifver, 

which lies at the bottom in the form of a powder, 

" efcape with the liquor^ On this powder of Silvqr 

* pour as much frefh j4qua regis as will cover icen- 

* tirely ; and repeat this till you are furc that nothing 

* more can be taken up by it. Laftly, having dd- 
' canted the Jqua regis from the Silver, walh the'Si|- 

* ver with a little Spirit of Salt weakened with water, 

' and add this Spirit of Salt to the Jqua regis in whic^ 

* your Gold is diflblved. Then to the body contain- 

* ing thefe liquors fit a head and a receiver, and.diftitl 
'with a gentle heat, till the matter contained in the 

* cucurbit become dry: 

OBSERFJTIONS. 

It is certain that yiqua regis is the true folvent §£ 
Gold, and that it does not touch Silver : fo that if 
the Gold diflblved in it were, alloyed with Silver, 
. which is often the cafe, the two metals would b^y 
this means be pretty accurately feparated from each 
other. But if you defire to obtain from this-folution, a 
'Gold abfolutcly pure, you mufl: free it,; before you 
diflblvc it, from every othe:r metallic fubftance but 
^ Silver ; becaufe jiqua regis a£ts upon moft> of the 
other metals and the femi-metals. We fhall (htyr 
under the* head of Silver, as we promifed ; before, 
' how to purify a mafs of Gold and Silver from every 
*■ ' other 
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other metallic alloy. Thither alfo we refer the com- 
mon Parting Affay performed by means of j^ua 
fortis ; becaufe in that operation the Silver is diflbl v- 
ed, and not the Gold. 

If the Gold put to diflbl ve in Aqucr regis be pure, 
the diflblation is eafily and readily eSe6tcd. But ifj 
on the contray, it be alloyed with Silver, the Aqua 
regis finds more difficulty in diflblving it. Nay, if 
the Silver exceed the Gold in quantity, the diflblu- 
tion will not take place at all, for the reaibna ad- 
duced in our Theoretical Elements -, of which we 
Ifaalt fpeak more fully when we come to treat of 
the Parting Affay. 

In the procefs we direfted the Gold to be di^v* 
ed in a tall body. This precaution is neceflary to 
prevent the lofs of fome part thereof : for it is the 
property of Aqua regis to carry off along with itfbme 
of the Gold, efpecially if there be any Sal Ammoniac 
in its compofition, if the veffil be heated while 
the diffolution is going on, or if the A^a rms be 
very ftrong. Yet it is proper to make ufe oTAqua 
regis that is too ftrong rather than too weak : &r 
if it prove too ftrong, and be obferved aot to z£k up- 
on the metal for that reafon, it is eafy to "weaken 
it, by gradually adding fmall quantities of pure 
water, till you perceive it bi^in to aft with vigour. 
This is a general rule regarding all metallic diffi)lu* 
tions in Acids. 

When the folution of Gold is evaporated to dry- 
nefs, if you defire to reduce into a mafi the Gold 
duft left at the bottom of the cucurbit, you rouft 
put it into a crucible, and cover it with pulverized 
borax, mixed with a Kttie nitre and calcined wine* 
lees ; then cover the crucible dole, heat it witfi a 
moderate fire, which muft be afterwards increafed 
fo as to melt the contents. At the bottom of the 
crucible you will find a lump of Gold, over which 
the lalts you added will be as it were vitrified Thefts- 

falts 
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ialts are added chiefly to promo^ the fufion of the 
metal. 

The Gold may» if you will, be feparated from 
its folvent withoiH evaporating the folution as a- 
bove direded. You need only oiix with the folu* 
tion a fixed or volatile Alkali by little and little^ 
till you fee no more precipitate falU anrf then let the ^ 
liquor Hand to fetde* at the bottorn of which you 
wul find a fediment ; filter the wholCj and dry 
what is left on the filter. 

Both fixed and volatile Alkalis pofiefling, as 
h^tK been frequendy repeated, a greater affinity 
with Acids than naetaflic fubftances have^ they pre- 
cipitate the Gpld^ and icparate it from the Acids in 
which it is diflblved : but it is of great confequence 
to- take notice th^t, if you attempt to mdt this preci- 
pitated Gold ia a crucible, it will fulminate as ibon 
as it feds the heat, with fuch a terrible explofion, 
that, if the quantity be at all confiderable,. it 
may prove fatal to the operator : even rubbing it a 
little, bard wiH make it blow up. This preparation 
is- therefore callrf Awum Ftdminans. 

Hitherto no fatisfa&ory explanation hath been 
mvea of this phenomenon. Some Chymifts confi- 
Qctring that^ in the precipitation of the Gold, a Nitre 
is regenerated by tbc union of the Alkali with the Ni- 
trous Acid which enters into the compofi tion of the^^- 
qucLTtgis^ imagine that fomeof this regenerated JsTitre, 
combining with the precipitated Gofd, takes fire and 
detonates., either by means of Ibme fmall portion of 
Phlogiftoivthat may be contained in the Alkali, of 
by means of that which conftitutes the , Gold itfelf. 
Buc, in the firft place, *tis weB known that Fixed ^ 
Alkalis do not contain Phlogifton enough to make 
Nitre detonate. Indeed, \i a Volatile Alkali be 
employed in the precipitation, a Nitjous Ammonia- 
cal $^ will be formed, containing Phtogifton enough, 

to 
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to be capable of detonatirtg without the cohcourfe 
of any additional Phlogifton : but this detonation 
of the Nitrous Ammoniacal Salt is not to be com-, 
pkred, as to the violence of its efFefts, with the ful- 
minatiort of Gold. Befides, we do not find that 
Gold' precipitatdd by a Volatile Alkali explodes with 
greater force' th'aft that precipitated by a Fixed Al- 
kali. * As for the Gold, 'tis certain that it fufFers no 
decompofition at all by fulminating. When fulmi- 
nated under a glafs bell, in fuch fmall quantities as 
not to endanger the operator, the Gold is found fcat- 
tered about undcr'the bellin very fine pafticles, with- 
out having undergone any alteration. 

Others have fancied this fulmination of the Gold 

* 

to be nothing but the decrepitation of the Sea- fait that 
is regenerated ,Mn the precipitation of the metal, by the 
Fixed Alkali uniting with the Acid of Sea-falt which 
makes part of the Aqua regis. . But to this it may 
be faid, that Gold precipitated by a Volatile Alkali 
fulminates as violently as that precipitated by a Fixed 
Alkali ; and yet no Sea-falt can be formed in the 
liquor by the addition of a Volatile Alkali, but only 
a Sal Ammoniac which has not the property of de- 
crepitating. Moreover, there is no comparifon, as 
to the efFefts, between the decrepitation of Sea fait 
and the fulmination of Gold. . 

Nor, laftly, can this fulmination be attributed, 
as it is by fome, to the efibrt made by the Salts to 
elcape from amidft the particles of Gold, in which 
they are fuppofedby them to be imprifoned : for then 
we might deprive this Gold entirely of its fulminat- 
ing quality by only boiling it in water, and fo 
* wafhingoff'all the faline particles, Ivhich probably 
adhere to its (urface only. It is plain there is great 
room for very beautiful difcoveries on this fubjedt. 
In Walerius's Mineraloey we find fome obfervations 
that may throw a little light on the point before Qs. 

" The 
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^* The quantity, fays he, of fulminating Gold 
** precipitated exceeds that of the Gold diflblved : 

if the Aqua regis be made with Sal Ammoniac the 

explofion will be ftronger ; it will alfo be more 

Violent if the folutioh be precipitated with a Vola- 
*^ tile Alkali, thah if a Fixed Alkali be ufed for that 
" purpofe." • 

One of the fpeedieft and eafieft methods to deprive 
this Gold of its fulminating quality, is to grind in a 
mortar twice as much flowers of Sulphur as you have 
Gold to reduce, mixing your fulminating Gold 
therewith by little and little as you grind them 
together ; then to put the mixture into a crucible, 
and heat it juft enough to melt the Sulphur. Part 
of the Sulphur will be diflipated in vapours, and the 
reft- will burn away. When it is quite confumed, 
encfeafe the fire fo as to make the crucible red-hot. 
When you perceive no .more fmell of Sulphur, pour 
on the Gold a little Borax, previoufly melted in an- 
other crucible with a Fixed Alkali, as cfiilcined Wine- 
lees, or Nitre fixed with Tartar; and then raife'the 
fire fufficiently to make the whole flow. After the 
fufion is completed you will-find a button of Gold at 
the bottom of the crucible under the falts. 

Fulminating Gold may alfo be reduced by pour- 
ing on it a fufEcient quantity of Fixed Alkali redu- 
ced to a liquor, or of Oil of Vitriol, evaporating all 
the moifture, and gradually throwing what remains, 
mixed up with fome pinguious matter, into a cruci- 
ble kept red-hot in a furnace. The reafon why thefe 
fubftances deprive the Gold of its fulminating qua- 
lity depends on the caufes that produce the fulmi- 
nation. 

Gold may alfo be feparatedfrom, Aq^ua regis, and pre- 
cipitated by the means of feveral metallic fubftances 
that have a greater affinity, either with Jqua regisy or 
with one of the two Acids that coinpofe it. Mercury is 
one of the fitteft for this purpofe. On dropping a folu- 

X' tion 
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tion of Mercury in the Nitrous Acid by little and lit- 
tle into a folution of Gold, the mixture becomes 
turbid, and a precipitate is formed. Continue drop- 
ping in more of the folution of Mercury till no more 
precipitate falls -, then let the liquor (land to fettle, 
and at the bottom of it you will find a fcdiment, 
which is jhe precipitated Gold : pour off the liquor 
by inclination, and waih the precipitate with fair 
water. 

Mercury hath a greater affinity with the Marine 
than with the Nitrous Acid. The affinity which 
Mercury bath with the Marine Acid is alfo greater 
than that of Gold with the Marine Acid ; for un- 
lefs this Acid be afibciated either with the Nitrous 
Acid, or at leaft with a certain proportion of Phlo- 
gifton, it will not diflblve Gold. Hence it comes 
that when a folution of Mercury in the Nitrous Acid 
is dropped into a folution of Gold in Aqua regis^ the 
Mercury unites with the Acid of Sea- fait, which is 
an ingredient in the Aqua regis : but the Marine Acid 
cannot on this occafion join the Mercury, without 
deferting the Gold and the Nitrous Acid with which 
it was united ; and then the Gold, which cannot be 
kept in folution by the Nitrous Acid alone, is forc- 
ed to quit its folvent and precipitate The liquor 
therefore, that now floats over the Gold thus precipi- 
tated, muft. contain Mercury united with the Acid 
of bea-falt ; and in faft it yields a true Corrofive 
Sublimate, which is known to be a combination of 
Mercury with the Marine Acid. 

Mercury diflblved in Spirit of Nitre is employed 
to procure the precipitation we are fpeaking of; ber 
caufe metallic fubftances, when fo comminuted 
by an Acid, are much fitter for fuch experiments 
than when they are in a concrete fofm. 

Gold precipitated in this manner by a metallic 
fubftance doth not fulminate. 

PRO- 
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PROCESS III. 

To djfolve Gold hy Liver of Sulphur. 

MIX together equal parts of comrxpn Brlm- 
ftone, arid a very ftrong Fixed Alkali ; for 
inilance, Nitre fixed by charcoal. Put themin acruci* 
ble, and melt the mixture, ftirrin^itfrom time to time 
with a fmall rod. There is no occafion to make the 
fire very brifk, becaufe the Sulphur facilitates the 
fiiiion of the Fixed Alkali. Some fulphureous va- 
pours will rife from the crucible : the two fubftances 
will mix intimately together, and form a reddi(h 
compound. Then throw into the crucible fome 
little pieces of Gold beat into thin plates, fo that the 
whole do not exceed in weight one third part of the 
liver of Sulphur : raife the fire a little. As foon 
as the Liver of Sulphur is perfedHy melted, it will 
begin to diflblve the Gold with ebullition ; and will 
even emit fome flalhes of fire. In the Ipace of a few 
minutes the Gold will be entirely diflblved, efpeqi- 
ally if it was cut and flatted into fmall thin leaves. 

OBSERVATIONS. 

The procefs here delivered is taken from M. 
Stahl/ The defign of that ingenious Chymift's en^ 
quiries was to difcover how Mofes could burn the 
golden calf, which the Ifraelites had fct up and wor- 
ihipped while he was on the mount ; how he could 
afterwards reduce that calf to powder, throw it into 
the water which the people ufed, and make all 
who 4iad apoflatized drink thereof, as related in 
the Book of Exodus. 

M. Stahl, having firft obferved that Gold is ab- 
folutely inalterable and indeftruftible by the force ot 
fire alone, be it ever fo violent, concludes, that 
without a miracle Mofes could not poflibly perform 
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the above mentioned operations on the golden calf 
any way but by mixing with the Gold fome matter 
qualified to alter and diflblve it. He then takes no- 
tice that pure Sulphur docs not ad upon Gold at 
all, and that many other fubftances, which are 
thought capable of dividing and diflblving it, can- 
not however do it {o completely as is neceffary to 
render that metal fufceptible of the cfFefts related. He 
then gives the method of diflblving it by Liver of 
Sulphur defcribed in the procefs. 

J .iver of Sulphur diflblves likewife all the other 
metals : but M. Stahl obferves that it attenuates 
Gold more than any other metallic fubftance, and 
unites with it much more intimately than with the 
reft. This appears from what happens on attempting 
to diflblve in water any of the mixts refulting from 
the union of another metal with Liver of Sulphur : 
for then the metal feparates, and appears in the form 
of a powder or fine calx ; whereas, when Gold is 
United with Liver of Sulphur, the whole compound 
diflblves in water fo perfeftly, that the Gold even 
paflfes with the Liver of Sulphur through the pores 
of filtering paper. 

If an Acid be poured into a (blution of this com- 
bination of Gold Ayith Liver of Sulphur, the Acid 
unites with the Alkali of the Hepar^ and the Gold 
ftlls to the bottom of the liquor along with the 
Sulphur, which doth not quit it. The ^uIphur thus 
precipitated with the Gold is eafily carried off by^a 
flight torrefadion, after which the Gold remains ex- 
ceedingly comminuted. The Sulphur of this com- 
pound may alfo be deftroyed by torrefaftion, with- 
out the trouble of a previous folution and precipi- 
tation, and then alfo the Gold remains fo attenuated 
as to be mifcible with liquors, and floats on them, 
or fwims in them, in fuch a manner that it may 
eafily be fwallowed with them in drinking. From 
all this M* Stahl concludes there is great reafon to 
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tclicve it was by means of the Liver of Sulphur 
that Mofcs divided, and in a manner calcined, the 
golden calf, fo that he could mingle it with water, 
and make the Ifraelites drink it. 
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, PROCESS IV. 

To feparate Gold from all other metallic Suhftances by 

means of Antimony, 

HAVING put the Gold you intend *to purify 
into a crucible, fet it in a melting furnace, 
cover it, and make the Gold flow. When the me- 
tal is in fufion caft upon it, by a litde at a time, twice 
its weight of pure crude Antimony in powder, and 
after each projeftion cover the crucible again imme- 
diately : this done keep thp matter in fufion for a 
few minutes. When you perceive that the metallic 
mixture is perfcftly melted, and that its furface be- 
gins to fparkle, pour it out into a hollow iron 
icone, previoufly heated, and fmeared on the in- 
fide with tallow. Immediately ftrike with a -ham- 
mer the floor on which the cone (lands -, and whea 
all is cold, or at leaft fufliciendy fixed, invert the cone 
and ftrike it : the whole metallic mafs will fall out, 
and the under part thereof, which was at the point 
of the cGrie, will be a Regulus more or lefs yellow 
as the Gold was more or lefs pure^ On ftriking 
thwB metallic maft the Regulus will freely part fpni 
the fulphureous cruft at top, 

Return this Regulus into the cnjcible, and melt 
it. Lefs fire will do now than wa§ required before. 
Add the fame quantity of Antimony, and proceed 
as at firft. Repeat the fame operation a third time, 
if yoyr Gold be very impure. 

Then put your Regulus into a good crucible, 
much liarger than is neceflary to hold it. Set your 
crucible in a melting furnace, and heat the matter 
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but juft enough to make it flow, with a fmooth, bril*f 
liant furface. When you find it thus conditioned! 
point towards it the nofc of a long- fnou ted pair of 
bellows, and therewith keep gently and conftantly 
blowing. There will irifc from the crucible a confide- 
rable fmoke, which will abate greatly when you ccafe 
to blow, and increafe as foon as you begin again. 
You muft raife the fire gradually as you approach 
towards the end of the operation. If the furface 
of the metal lofe its brilliant polifh, and feem co- 
vered with a hard cruft, 'tis a fign the fire is. 
too weak ; in which cafe it muft be increafed, till 
the furface recover its (hining^ appearance. A t laft^ 
when no more fmoke rifes, and the furface of the 
Gold looks neat and greenifli, caft on it, by little 
and little, feme pulverized Nitre, or a mixture of 
Nitre and Boray. The matter will fwell up. Con- 
tinue thus adding more Nitre gradually, till no com- 
motion is thereby produced in the crucible \ and then 
let the whole cool. If you find, when the Gold i^ 
cold, that it is not tough enough, melt it over 
again ; when it begins to melt caft in the fame 
Salts as before j and repeat this till it be perfedly 
duftile. 

OBS ERVATIONS. 
Antimony is a compound, confifting of a fenii- 
metallic part united with about a fourth part of 
its weight of common Sulphur. It appears, in the 
ninth column of the Table of Affinities, that all 
the metals. Mercury and Gold excepted, have a 
greater affinity than the reguline part of Antimony 
with Sulphur. If therefore Gold, adulterated with 
a mixture of Copper, Silver, or any other metal, 
be melted with Antimony, thofe metals will unite 
with th£ Sulphur of the Antimony, and feparate it 
from the reguline part, which being thus fet free 
will combine and be blended with the Gold. Thefc 
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two metallic fubflances, forming a mafs far heavier 
than the other metals mixed with the fulphur, fall 
tc^ether to the bottom of the crucible in the form 
of a Reeulus, while the others float over them like 
a fort of fcoria or flag : and thus the Gold is freed 
from all alloy but the reguline part of the Anti- 
mony, 

As all the other metals have a great affinity with 
Sulphur, and Gold is the only one that is capable 
of reCfting its a£lion, one would think Sulphur 
alone might be fufiicient to free it from the metals 
combined with it, and thalt it would therefore be 
better to epiploy pure Sulphur, in this operation, 
than to make ufe of Antimony ; the reguline pare 
of which remaining, united with the Gold re- 
quires another long and laborious operation to get 
rid. of it/ 

Indeed, ftriftly fpeaking, Sulphur alone would 
be fufficient to produce the defired reparation : but 
it is proper to obfervc that, as Sulphur alone is very 
eombuftible, mofl: of it would be confumed in the 
operation before it could have an opportunity to 
unite with the metallic fubfliances ; whereas when it 
is combined with the Regulus of Antimony, it is 
thereby enabled to bear the adtion of the fire much, 
longer without burning, and confequently is much, 
fitter for the purpofe in quefl:ion. Befidcs, if we 
were to make ufe of pure Sulphur, a great part of. 
the Gold, which is kept in perfed fufion, and its pre- 
cipitation facilitated, by the Regulus of Antimony, 
would remain confounded with the fulphurcous icoria, 

Neverthelefs, feeing the metals with which Gold 
is alloyed cannot be feparated from it by Antimony, 
but that a quantity or Regulus proportioned to the 
quantity of the metals fo feparated will unite with, 
tne Gold, and that the more Regulus combines with, 
the Gold, the more tedious, chargeable, and labo- 
rious will the opel-ation prove, this confideration 
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ought to have fome influence in direding our pro- 
cefs. Therefore, if the Gold be very impure, and 
worfe than fixteen carats, we muft not mix it 
with crude Antimony alone, but add two drams of 
pure Sulphur for every carat the Gold wants of 
fixteen, and leflen the quantity of Antimony in 
proportion to that of the real Gold. 

It is neceflary to keep the crucible clofe covered, 
after mixing the Antimony with the Gold, to pre- 
vent any coals from falling into it : for, if that 
Ihould happen, the melted mafs would pufF up con- 
fiderably, and might perhaps run over. 

The infide of the cone, into which you pour the 
melted metallic mafs, muft be greafed with tallow, 
to prevent its fticking thereto, and that it may come 
cafily out. Striking the flbor, on which the cone 
with the melted metal ftands, helps the precipita- 
tion and defcent of the Regulus of Gold and Anti- 
mony to the bottom of the cone. 

Lefs fire is requifite to melt this compound Re- 
gulus, in order to add frefli Antimony, than was 
neceflary before the Gold was mixed with the regu- 
line part of the Antimony ; becaufe this metallic 
fubftance, being much more fufible than Gold, pro- 
motes its melting. The Antimony is mixed with 
the Gold by repeated projeftions^ that the feparation 
of the metals may be accompHflied with the greater 
ea(e and accuracy. Yet the operation might be fuc- 
cefsfully performed, by putting in all the Antimony 
at once, and with one melting only. 

The metalline mafs found at the bottom of the 
jGone after all thefe operations, is a mixture of Gold 
with the reguline part of the Antimony. All the refl: 
of the procefs cohfifl:s only in feparating this reguline 
part from the Gold. As Gold is the moft fixed of 
all metals, and as the Regulus of Antimony cannot 
bear the violence of fire without flying off in va- 
pours, nothing more is necefl^'^ry for this purpofe 
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but to expofe the compound, as dire^ed in the pro- 
cefs, to a heat flrong enough, and lon^ enough 
continued, to diffipate all the Regulus of Antimo- 
ny. This femi-metal exhales in the form of a very 
thick white fmoke. It is proper to blow gently into 
the crucible during the whole operation ; becaufe the 
immediate contadt of the frelh air incef&ntly thrown 
in promotes and confiderably encreafcs the evapora- 
tion : and this is a general rule applicable to all eva- 
porations. 

The fire muft be gradually railed as the Reguliw 
of Antimony is diffipated, and the operation draws 
toward an end ; becaufe the mixed mafs of Regu- 
lus of Antimony iand Gold becomes fo much the 
lefsfufible as the proportion of the Regulus is le0ened. 
Though the Regulus of Antimony be feparated 
from the Gold in this x)peration, ' becaufe the latter 
is of fuch a fixed nature that it caqnot be volatilized 
by the degree of Jire which diffipates the Regufys ; 
yet, as the Regulus is very volatire* it will undoubt- 
edly carry up fome of the Gold' along with' it, t eft, 
pecially if you hurry on the evaporation too. faft, 
by applying too great a degree of fire, ^ by blovying 
too brifkly into the crucible, and ftill ppr^ if . you 
evaporate your mixture in a 'broad flat veflel inftead 
of a crucible. All thefe things muft therefore be 
avoided, if you would lofe no more Gpld than you 
needs muft. 

However, unlefs the evaporation be carried to 
theutmoft, by the means above pointed out, afmall 
portion of the Regulus of Antimony will always 
remain combined with the Gold, which defends ic 
from the aftion of the fire. This fm,all portion of Re- 
gulus hinders the Gold from being perfedly pure and > 
dudtile. In order therefore to confume and fcorify 
it we caft Nitre into the crucible when we perceive it 
to cmii; no more white vapours. 
" ' ' ' '. We 
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We know that Nitfe has the property of redu- 
cing all metallic fubilances to a calx. Gold and Sil- 
ver excepted ; becaufe it deflagrates with the phlo- 
giftpn to which their metalline form is owing : but 
as this jicccnfion of the Nitre occafions a tumid effer- 
vefcence, care muft be taken to throw it in but by 
Kttle and little at a time ; for if too much be pro- 
jefted at once the melted matter will run over. 

This operation might be confiderably abridged 
by taking advantage of the property which Nitre 
poflefles of thus confuming the phlogiflon of metal- 
lic fubftances ; as by means thereof we might deftroy 
all the Rcgulus of Antimony incorporated with the 
Gold, without having recourfe to a long and tedious 
evaporation. But then we fliould at the fame time 
Jofe a much greater quantity of Gold, by reaibn of 
the tumult and ebullition which are infeparable from 
the detonation of Nitre. On the whole therefore^ 
if Nitre be made ufe of to purify Gold, great cafe 
muft be taken to apply but very little of it at a 
time. 

All the Silver that was mixed with the Gold, and 
indeed a little of th? Gold itfelf, remains confound* 
cd with the fulphureous fcoria, which floats upon 
the Golden Regulus after the addition of the Anti- 
mony : we fliall fliew in the Chapter on Silver how 
thefe two metals are to be feparated from the Sul- 
phur. 
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CHAP. 11. 

Of SiXVER. 



P R O C E S S I. 

Sn? feparaie Silver from its Ore^ by means of Scori- 

fication with Lead. 

BEAT to powder in an iron mortar the ore from 
which you mean to feparate the Silver, having 
firft roafted it well in order to free it from all the 
Sulphur and Arfenic that it may contain. Weigh 
it exaftly : then Weigh out by itfelf eight times as 
much granulated Lead. Put one half of this Lead 
into a teft, and fpread it equally thereon : upon this 
Lead lay your ore, and cover it quite over with the 
remaining half of the Lead. 

Place the teft thus loaded under the further end 
of the muffle in a cupelling furnace. Light your 
fire, and increafe it by degrees. If you look through 
one of the apertures in the door of tlie furnace you 
will perceive the ore, covered with calcined Lead, 
fwirfl upon the melted Lead. Prefently afterwards 
it will grow foft, melt, and be thrown towards the 
fides of the veflel, the furface of the Lead appear- 
ing in the midft thereof bright and fliining like a 
luminous difc : the Lead will then begin to boil, 
and emit fumes. As foon as this happens the fire 
muft be a little checked, fo that the ebullition of 
the Lead^may almoft entirely ceafe for about a quar- 
' ter of an hour. After this it muft be excited to the 
degree it was at before, fo that the Lead may begin 
again to boil and fmoke. Its fhining furface will 
gradually lefien, and be covered with fcoriae. Stir 
the whole with an iron hook, and draw in towards 
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rhe middle what you obferve towards the fides of the 
reilel \ to the end that, if any part of the ore fiiould 

ftitt remain iindiflblved by the Lead, it may be mix- 
ed therewith. 

When yoii perceive that the matter is in perfecft 
fofk>n, that the greateft part of what fticks to the 
iron hook, when you dip it in the melted matter; 
feparatcs from it again, and drops back into the vcf- 
fel \ and that the extremity of this inftrument when 
grown cold, appears varni(hed over with a thin, 
finooth, fhining cruft^you may took on thefe as marks 
that the bunncfs is done, and the more uniform 
«nd evenly the colour of the cruft is, the more per- 
feft may you judge the fcorification to be. 

Matters being brought to this pafe, take the teft 
with a pair of tongs from under the muffle, and pour 
its whole contents into an iron cone, firft heated 
»id greafed with tallow. This whole operation lafts 
about three quarters of an hour. When all is cold, 
the Wow of a hammer will part the Regulus frein 
the fcoria ; and as it is hot poflihle, how perfeft fo- 
ever the fcorification be, to avoid leaving a litdc 
Lead containing Silver in the fcoria, it is proper to 
fulverife this fcoria, arid fep^rate therefrom whatever 
extends under the hammer, in order to add it to thq 
Regulus. 

OBS ERVAriONS. 

■ Silver, as well as Gold, is often found quite pure, 
tod under its metalline form, in the bowels of the 
earth ; and in that cafe it may be feparated from 
the ftones or fand, in which it is lodged, by fimple 
#afhing, or by Amalgamation with Mercury, in 
the fame manner as before direded for Gold. But 
it alfo happens frequently that Silver is combined in 
the ore with other metallic fubftances and minerals, 
which will not admit of this procefs, but force us to 
employ other methods of feparating it. from them. 

Silver 
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Sulphur and Arfenic are the fubftances to whkh 
$ilver and the other metals ufually owe their mineral 
ftate. Thefe two matters are never very clofely 
united with Silver ; but may be pretty eafily fepa- 
rated from it by the aftion of fire, and the additioo 
of Lead. If Arfenic be predominant in a Silver 
<)re, it will unite with the Lead by the help of * 
pretty moderate heat, and quickly convert a coafi- 
derable quantity thereof into a penetrating fufibfo 
glafs, which has the property of fcorifying with ealc 
all ftibftances that are capable of fcorification. 

When Sulphur predominates, the fcorification pro- 
ceeds more flowly, and doth not always (ucceed 1 
becaufe that mineral combined with Lead leflcns k$ 
fufibility, and retards its vitrifiqation. In this cafe 
part of the Sulphur muft be diffipated by ^oafting : 
the other part unites with the Lead ; and that, be- 
ing rendered lighter by this union, floats on the reft 
of the mixture, which chiefly contains the Silver- 
At laft the joint adion of the air and of the fire, 
dilfipates the portion of Sulphur that had united with 
the Lead : the Lead vitrifies and reduces to a fco- 
ria whatever is not either Silver or Gold : and thus 
the Silver being difentangled from the heterogeneous 
matters with which it was united, one part thereof 
being difllpated and the other vitrified, combines 
with the portion of Lead which is not vitrified, and 
falls through the fcoria, which, to favour its delcent 
mufl: be in perfedl fufion 

The whole procefs therefore confifl:s of three dif- 
tln6t operations. The firft is Roafting^ which difii-* 
pates fome of the volatile fubftances found united with 
the 3ilver: the fecond is Scorification, or the Vitri^ 
fication of the fixed matters alfo united with the Sil- 
ver, f«ich as fand, fl:ones, metals, &c. and the third 
is Precipitation, or the feparation of the Silver from 
the fcoria. The two firft are, as hath been Ihewn^ 
preparatives for the laft, and indeed produce it. 

As 
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As every thing we faid concerning Gold, whcri 
we treated of the procefs of Amalgamation, is to be 
applied to Silver, which may be extradted by the 
fame method when it is in its metalline form ; in the 
fame manner all we now advance touching the me- 
thod of extrafling Silver by Scorification, when it is 
depraved with a mixture of heterogeneous matters, 
is equally applicable to Gold in the fame circum- 
flances : and indeed Silver almoft always contains 
more or lefs Gold naturally. 

In the procefs we direfted that the ore Ihould be 
pulverized before it be expofed to the fire, with a 
,view to enlarge its furface, and by that means faci- 
litate the action of the Lead upon it, as well as the 
evaporation of its volatile parts. 

We recommended the precaution of flackening the 
fire a little at the beginning of the operation, only 
to prevent the Lead from being too haftily convert- 
ed into litharge, left it fhould penetrate and corrode 
the teft before it had wholly diflblved the ore : but 
if we were perfeftly certain of the veflcl's being lb 
good as to be in no danger of penetration by the 
Lead, this precaution would be needlefs. 

It is proper to add eight parts of Lead for one of 
ore •, though fo much is not always abfolutely neceffary, 
efoecially when the ore is very fufible. The fuccefs 
of this operation depends chiefly on the completenefs 
of the Scorification ; and therefore the addition of 
more Lead than enough is attended with no incon- 
venience : for, as it always promotes the fcorification, 
it can never do any harm. 

If the ore be mixed with fuch earthy and ftony 
parts as cannot be feparatcd from it by walhing, it 
is the more difficult of fufion, even though the ftones 
Ihould be fuch as are moft difpofed to vitrify ; be- 
caufe the moft fufible earths arid ftones are always 
lefs fo than moft metallic fuhftances. In that caft 
it will be neceffary, for effcfting the Scorification, 

to 
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IP mix thoroughly with the pulVierized ore an equal 
quantity of Glafs of Lead, to add twelve times as 
much granulated Lead, and then to proceed as dt^ 
refted for a fufible ore ; expofing the mixture to a 
iiegree of fire ftrong enough, and long enough kept 
up, ta give the fcoria all the properties above re- 
quired as figns of a perfed fcorificationi 

Silver ore is fometimes mixed with pyrites, and 
the ore of Arfenic, or cobalt^ which alio make it 
refraftory. As the pyrites contain a lai^ge quantity 
of Sulphur, which is very volatile as well as Arftoic ; 
in this cafe it is proper to begin with freeing the ore 
from thefe two extraneous fubftances. This is eafily 
done by roafting : only be fure, when you firft expofe 
the ore to the heat, to cover the veffel in which you 
roaft it, for fome minutes, with an inverted vcflcl 
of the fame width ; becaufe fuch forts of ore arc very 
apt to fly when they firft feel the heat. 

After this uncover it, and leave it expofed to the 
fire till no more fulphureous ot* arfenical matters rife. 
Then mix it with the fame quantity of Glafs of Lead 
as we ordered for ores rendered refra<5lory by the ad- 
mixture of earths or ftones, and proceed in the fame 
manner. 

It is the more neceflary to roaft Silver ore infeded 
with Sulphur and Arfenic, becaufe, as Sulphur ob- 
ftrudts the fufion of Lead, it cannot but do hurt, and 
protrad the operation ; and Arfenic does mifchief, 
on the other hand, by fcorifying a very great quantity 
of iL.ead too haftily. ^ 

When the Sulphur and Arfenic are diflipated by 
roafting, the ore muft be treated like that which is 
rendered refraftory by ftony and earthy matters ; 
for as the pyrites contain much iron, there remains, 
ifter the Sulphur is evaporated, a confiderable quanT 
tity of martial earth, which is difficult to fcorify. 
The pyrites, as well as the cobalts, contain more - 
over an unmetallic earth, which is hard to fufe. 

The 
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The gOTcral rule therefore is, when the otth 
rendered refraftory by any caufe whatever, to mi% 
It with Glafs of Lead, and to add a larger quantity 
of granuhted Lead. Yet fome ores are fo rcfrzAory 
that Lead alone will not do the bufinefs, and re- 
couHe n>uft be had to fome other flux. That which 
is fitted for the prefent purpofe is the Slack Flux^ 
compofed of one part of Nitre and two parts of Tar- 
tar deflagrated together. The Phlogifton contained 
in this quantity ot Tartar is more than lufficient to 
alkalizate the Nitre. This Flux therefore is nothing 
more than Nitre alkalizated by Tartar, mixed with- 
fome of the fame Tartar that hath not loft its Phlo- 
gifton, and is only reduced to a fort of coal. 

The ff^bite Flux is alfo very fit to promote flifion \ 
but on this occafion the Black Flux is preferable, 
becaufe the Phlogifton of the Black Flux prevent^ 
the Lead from being too foon converted to litharge, 
Und fo gives it time to d\ffoivt the metallic matters. 
The White Flux, which is the refult of equal parts 
of Tartar and Nitre alkalizated together, being no 
•more than an Alkali deftitute of Phlogifton, or con- 
taining but very little, doth not poflefs this advan- 
tage. 

If Silver (hould be combined in the ore with 
Iron in its metalline ftate, which however docs not 
commonly happen, then, in order to feparate them; 
the Iron muft be deprived of its Phlogifton, and coiv- 
verted to a crocus before the mixed mafs be melted 
with Lead ; which may be done by diflblvlng it in 
the Vitriolic Acid, and then evaporating the Acid. 

We are neceflitated to make ufe of this contri* 
vance, becaufe Iron in its metalline form cannot be 
diflblved cither by Lead or by the Glafs of Lead ; 
but when it is reduced to a calx, litharge unites with 
it and fcorifies it. 

If you have not at hand the utcnfils neccfiary for 
perlbrming the operation we have been defcribing in 

a tcft, 
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a teft, and under the muf&e ; or if you have a mind 
to work on a greater quantity of ore at a time, you 
may make ufe of a crucible for the purpofe, and 
perform the operation in a melting furnace. 

In this cafe the ore muft be prq>ared, as above 
diredfced, according to its nature, and mixed with a 
l>roper quantify of Lead and Glafs cf Lead ; the 
whole put into a good crucible, leaving two thirds 
thenK)f empty, and covemi with a mixtufc of Se*. 
fait and a little Borax, both very dryt to the ^< ~ 
neis of a fuU half inch. 

This being done, iet the crucible in the 
a melting furnace ; raife the coab quite to die lip df 
the crucible ; light the fire ; cover the furnace wtk 
its dome ; \but do not urge the fire more than is ne^ 
cefifary to bring the mbcture to perfeft fufion : iearo 
it thus in fufion for a good quarter of an hour ; ilir 
the whole with a bit of ftrot^ iron wire ; then lei: it 
cool; break the crucible, and &parats die Ri^uius 
from the fcorii». 

The Sadts added on this txrcafion aie iluK3, 4Uid 
their ufe is to procure a fcifeSt fufion of the fcoria. 

If the melted matters be left expofed to the 
fire, either in a teft, or in a crudbk, longer than 
is c^ve prefcribed, the portion of Lead that hatli 
umfed iukI precipitated with the Silver will at kfi: 
yittify, and at die &roc tiipe fi:ortfy ail the alloy witk 
which) that metal may bemiiEed. Butas.tbeie ^steo 
veflels that can long endure thea^on of litharge, 
widiottt beiogpierQedJibea fieve, foobe of the Slither 
ili^4fcape throiAgh the.hcies or .fi£iresof the/vBf<* 
lei, and ib be loft. It is faeoer theos&ytc «o obm* 
{dccethe purifiisation of your Sttver by the opitMoax 
df fihe Cupd, the defcripdon . of whidi fbUows. 



• • • 
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PROCESS II. 

Tbi refimng of Silver by the CufcL 

TAK E a cupel capabk of contaiinng obc Aird 
more matter than you have to put intoitt-fct 
k under the muffle of a furnace like that cMbrited in 
oar Theoretical Elements, as peculiarly ap^iropriit- 
^ CO this fort of operation, fr ill the furnace with 
charcoal ; light it; make the cupel red-hot, ami 
keep itfo till all its moifturc be evaporated j that is, 
for about a good quarter of an hour, if the dipelbc 
made wholly of Ac aflics of burnt bones ; andfora 
whole hour, if there be any wa(h€d wood-afli in itt 

compoIition« 

Reduce die ReguJus which remained after the pre^ 

ceding operacioD to little thin plates^ flatting them 

with a fmail hammer, and feparating them carefully 

from all the adherent fcoria. Wrap thcfir in a iMt of 

ttn)er, Md with a fmall pair of tongs put them gent^* 

KTinto the cupel. When due paper is confumed die 

Rcgulus will foon melt, and the ftoria, which wili 

he gradually produced by the Lead as it turns to li^ 

chaigie, will be driv<m to the fides dT the cupel, and 

immediately abforbed thereby. At the &nae xkcm 

the ct^) will aflfume a yeUow» bcown, . or bkdkifb^ 

miour, according to theqisantity and niuureof the 

fcoria imbibed by it. 

When you fee the matter m the cupel in a vio- 
lent ebullition, and emitting much fax>ke, lower 
the fire by the methods formerly prefirribod.. Keep 
up fuch a degree of heat only tiiat the findce whidi 
attends froiii the matter ttiay not rife yery high, and 
that you may be able to difttnguifh the colour winch 
the cupel acquires frpm the feoria. ; 

Increafe the fire by d^;rees, as more and more 
litharge is formed aod ab&rbed if the Riga^ 
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Jus examined by this aflay contain no Silver, 
you will fee it turn wholly into fcoria^ and at 
laft difappear. When it contains Silver, and the 
quantity of Lead is much diminifhed, you will per- 
ceive little vivid irifes, or beautiful rain -bow colours, 
fhooting fj^yifidy along its furface, and croffing each 
other in isiany different dire6tions. At laft, when 
all the Lead is deftroyed, the thin dark fkin, diat 19 
conidnuaily protruded by the Lead while it is turn- 
ing into litharge, and which hitherto covered the 
Silver, fuddenly difappears $ and, if at this moment 
the fire happen not to be ftrong enough to keep the 
Silver in fufion, the furface of that metal will at 
once dart out a dazling fplendour : but, if the 'fire be 
ftrong enough to keep the Silver in fufion, though 
freed from all mixture of Lead, this change of co- 
lour, which is called its fidguraiiinh ^U not be fb 
perceptible^ and the Silver will appear like a bead 
of fine* 

Thefe phenomena fhewthat the operation is £«» 
nifhed. But the cupel muft ftili be left a minute or 
two under cbe muffle, and then drawn (k>wly out 
with the iron hook towaids the door c^ the furnace. 
When the Sihrer is fo cooled as to be but moderately 
red/ you may take the cupel from under the mufife 
wid:iyou£jitde tongs, and in the middle of ics cavky 
you wsli find an exceeding white bead of Siltw, the 
lower paitwfaeneof will be unequal, and full of little 
pits. 

.OBSERFjiTIONS. 

■ 

. The R^^us obtained by the former procefs con^ 
fifts> aki^esher of the Silirer contained in the oro^ 
allo^d with, the other > metals that happened to be 
ndxed thcoRrwith in ks: mineral ftate, and a good 
deal of the Lead that- waB radded to precipicKte the 
SilvvF^ The operation (if the cupel may be confi- 
deredas the fequeLof that piwcfs, b^ng intetidod 
only to reduce into a fcoria whatever is not Gold or 

y 2 saver. 
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Silver. Lead being of all mecals that wMch vitriB«» 
the mod eafily^ which mod promotes the vitrificsi- 
tioii of the reft, and the otily one which, when vi- 
trified, ^netrates the cupel, and carries along with 
it die omer metak which it hath vitrified, is conle- 
quendy the fitted for that pufpofe. We Ihall fee 
in ks jJace that Bifinuth hsfth the fatne propardes 
with Lead, and may be fubftitnted fot it in thi^ ope- 
ration. 

Care muft be taken to choofe a dupd of a proper 
capacity. Indeed it ihoutd rather be too big than 
too little : becaufe the operation is rto wiy prejudiced 
by an cxcefs in its fize \ whereas if it be to6 fnUll it 
will be over-dofcd with Lead, and at laft the li- 
tharjg^, which deftroys every thing, will corrode its 
cavity, and eat hdles through the very body of the 
vcfiel. Add that the aihte, of which the ctipel is 
made, being once glutted with litharge, abforb it af- 
terwards but flowly, and that the quantity of this 
vitrified litharge, becdming too great to be conuined 
In die fubftance of the veflel, cxfud^s through it, 
tmd drops on the floor bf the hiuffle, Which it cor- 
rodes and rendct^ unequal -, and moreo^r folders 
to it the vefibls fet thereon. It may be hid down 
» a general rule for detfermining the fize of a cupel, 
that it wdgh at kaft half as much as thfe tni^tallic 
nials to be refined in k. 

It is alfo of the Utmoft confequencfe th&t the cupd 
be well dried before the metal be put into it. In 
order to make fure of this point it muft be kept 
red-hot for i certain time, as is above directed : for 
though to the Ifeht and to the touch they lip^ar very 
4ry, they hdverthelefe obftinately retain a fmaH flnat- 
tser of isioiftare, fuffecient to dccafion the lofi of fome 
irf the mted •, which, ^»hen it comes to «iek^ will be 
thereby Ipirted up, in thfe form of littfe gbbute^ tt> 
flic very roof of the mruffle. The ctepch^ that ftand 
. moft in need of ^n inittili^atto dry th^rii/flire«hofe 

chidSy 
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efaiefly in whole coinpofidon wood-alhes are employ* 
ed : for whacewr care be tal^en to lixiviate thofe 
afhrs before they are ufed, they will ftill retain a lit* 
tk alkaline fait -, and that, we know, is ^^ry ereed]^ 
of moiilure, will not part entirely with it but by the 
means .<if a violent c^cination, and prefently re*im« 
bibe& it 4»:hen expofed to the air. 

. A Uttle PblogiAo^ alio may ftill be left in the aflies 
W which the cupels are made ; and that is anodier 
realbn for calcining them before they are ufed. By 
this means the. remaining Phlogi(t0n is difTipated^ 
which might otherwife combine with the litharg* 
during the operation, reduce it, and occafion fiich a 
jfermeqt i|i the matter as to make fome of it ruA 
over : to thefe inconveniencies, which any remain* 
der of fnoifture or Phlogifton may produce, we muft 
add the cracks and flaws which are very incident to 
cupels not perfeftly freed frqm both th6fe matters. 
It is of no lefs iniportance to the fuccefe of this 
op^fl^tion, that a due degree of heat be kept up. In 
the proceft we have defcrlbed the marks which (hew 
the heat to be neither too ftrong nor too weak : when - 
k enceeds in either (^ thefe relpe&s may be known 
by the following figns. 
^ If the fume emitted by the Lead rife like a fpout 

.. toi^e roof of the muffle; if the furface of the melt* 
ed metal be extremely convex, confidering the quan- 
tiicy of the mafs; if the cupel appear of fuch a wliite 

. heatrthat the colour communicated thereto by the 

^imbibed fcqria cannot be diftinguiihed : atl thele fhew 
that the heat is too great, and that it ought to be 
idinftiniOied. If on^^the contrary the vapours only ho* 

.WOT, as it were, over the furfiicc of the metal; if the 
* noelted «nds be very flat, cqnfidering its quantity 1 
- !]f its ebullition s^pear but funt ; if the/^^r/>, tiiat 
apf)ear like Uttle fiery drops <^ rain, have but a lan- 
guid motion ; if the fcoria gather in heaps, and do 

. ahot peiMaiate the cupel ; if the metal be covered ifiith 

V' Y3 It 
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it as with a glalTy coait ; and laftly^ if tise oipel 
look dull ; theie are proofs that the heat is toa weak 
and ought to be encreafed. 

The deHgn of this opetation being to convert the 
Lead ioto iitnarge, and to ^ve it fuffident tiiae and 
opportunity to fcorify and carry off with it wbatrver 
is not Gold or Silver^ the fire muft be kept \3^ to 
fuch a degree that the Lead oiay eaiily be turned in- 
to litharge, and yet chat litharge not be abforbed too 
haftily by the cupel, but that a fmall quantity there-- 
of may a^l along remain like a ring round the melt- 
ed mctaL 

The firq is to be gradually increafed as the opera- 
tion draws nearer to. its end : for, as the prc^portion 
of the Lead to the bilver is continually lefkning, the 
metallic mafs gradually becomes lels fuftble ; while 
the Silver defends the Lead mixed with it from the 
adion of the fire, and prevents its being eafUy con- 
verted into litharge. 

When the operation is finilhed, the cupel muft 
fiill be left under the muffle till it has imbibed all 
the litharge, to the end that the bead of Silver may 
be eaiily taken out : for, without this precaution, it 
would (lick fo faft as not to be removed, but by 
breaking off part of the cupel along with it. Care 
mud alfo be taken to let this bead of Silver cool gra^r 
dually, and be perfectly fixed before you draw it 
from under the muffle : for if you expofe 4t at once 
40 the cold air, before it be fixod, it will fwell, 
^oot into fprigs, and even dart out feveral little 
grains to a confiderablc djftance, which wijl be loft. 

If the bead af^)ear to have a yellowifii tinge» 'tis a 
flgn that it contains a great deal pf Gold, which muft 
be fepar^d from it by th^ methods to be hereafter 
(hewn. 

It is proper to obferve that there is lcarc;eany 
]Lead that does not contain fome Silv^^ too little 
pt rhaps to defray the charges ngceflary tp feparate 15, 

yet 
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yet confiderable enough to lead us into an error, by 
mixing with the Silver obtained from an ore, and 
increafing its weight. And therefore, when the ope- 
rations above defcribed are applied to tte ai&ying of 
an ore, in order to know how much Silver it yields, 
it is previoufly neceflary to examine tKe Lead to be 
ufed, and to afcertain the quantity of Silver it con- 
tains, which muft be dedu&ra from the totkl ^vtreight 
of the bead of Silver obtained by purifying it in tlus 
manner. 

Silver may be feparated from its ore, ahd at the 
fame time refined, by the fingle operation of the cu* 
pel, without any previous fcorification with Lead. 
in order to do this, you muft pound the bt6i rbaft 
it, to diflipate all its volatile parts ; mix it With an 
equal quantity of litharge, if it be refiradbory ; divide 
it into five or fix parcels, wrapping each ih a bit ot 
paper ; weigh out eight parts of granulated Lead for 
one of ore, if it be rufible, and trom twelve to fix- 
teen, if it be refraftory ; put one half of th^ Lead into 
a very large cupel under the muffle ; add thereto one 
of the little parcels of ore, when the Lead begins to 
finoke and boil ; immediately flacken the fire a lit- 
tle ; continue the fame degree of heat till you perceive * 
that the litharge' formed round the metal, and on its 
furface, begins to look bright ; then raife the fire 5 
add a frefh parcel of ore ; continue proceeding in the 
fame manner till you have put in all the ore ; then 
add the remaining halfof the granulated Lead, and 
condu&the fuccceding part ofthe operation in ^tf 
fame manner as that of cuf^llmg. ^ 

In this operation it is neceflafy that the fire be not 
too ftrongly urged, and that it be diminifhed every 
time you add a frefh parcel of ore ; that fo the Lead 
and the litharge may have time to diflblve, fcorify, 
and carry off into the pores of the cupel, aU the ad-' 
vcntitious matters widi which your Silver may be 
mixed. Notwithftanding this precaution, whenths 

14 ore 



est is refraftory, thdpp often smbcra in the o^ a 
g^t quantity of fcoria, together aUb vrith fome dF 
the ore that could not be diflblvcd and fcpiified* 
It is with a view to remedy this inconvenience that 
the fecoiid moiety of the Lead is added towardf^ Ac 
codg which completes the diflbliition aiid foorific^t- 
idon of the whole ; fo that by nneans thereof.no fco- 
ria, or rery little) is left io the cupel at the end of 
the operation. 

The operation of the cupel is chiefly ufed to pu f 
rify >ilvcr from the alloy of Copper ; becaufe this 
metal, being more fixed and harder to calcine than 
other metallic fiibltances, is the only one that re- 
mains united wi|:h Silver and Lead, after roafting and 
i^rification with Lead. It requires no lels than fix*- 
tetti parts of Lead to deftroy it in the cupel, and ie^ 
parate it from Silver. It melts into one mafs with 
the Lead ; and the glais produced by tbefe two me- 
tals, deprived of their phlogifton, inclines to a 
brown or a black colour ; by which appearance chiefly 
we know that our Silver was alloyed with Copper. 






PROCESS III. 
To furify Silvtr by Nitre. 

GRANULATE the Silver you intend to pu- 
^H or reduce it to thin plates j put it into 
9 gpodcrudbie \ add thereto a fourth part in weight 
offstHY dry -pulverized Nitre, mixed with half the 
weight of the Nitre of calcined Wine-lees, and 
libout a fixth pait of the fame weight of common 
g^ ill powder. Cover this crucible with another 
<iractbk im^crtesd;, which muft be of fuch a fize that 
its mouth may enicr a little way into tbac of the 
lower one» and have its bottom pierced with a hole 
^ abcmt two lines in diameter. Lute the two cru* 
«ibl^ toother with clay and Windfor-loam. When 

the 
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IB Idte is dry,^ place the crucibles in a melting fiir- 
ntec. Fill the furnace with charcoal, taking care 
however th« diey do not rife above the upper 

craciMe. . 

Kindlethc fire, and make your veffels of a mid- 
dling red heat. When they are fo, take up with, 
the tongs a live coal, and hold it over the hole 
of the upper crucible. If you immediately peroeivc 
a vivid fplendour round the coal, and at the fame 
time hear a gentle hifiing noife, it is a fign th^ the 
fire is of a proper ftrength ; and it muft bp kept vs^ 
at the fame degree till this phenomenon ceafe. 

Then incrcafe the fire to the degree requifite to keep 
pure Silver in fufion •, and immediately take your vc^ 
fels out of the furnace. You will find the Silver ^ 
the bottom of the lower crucible, covered with a 
mafs of alkaline fcoria of a greenifh colour. If 
the metal be not rendered perfcftly pure and du6tile 
by this operation, it muft be repeated a lecond tim^* 

OBSERVATIONS. 

Th e purification of Silver by Nitre, as well as 
the procefs for refining it on the cupel, is founded 
on the property which this metal poffefles of refifting 
the force of the ftrongeft fircj and the power of the 
moft aftive fo! vents, without lofing its phlogifton* 
The difference between thefe two operations CQnfift3 
wholly in the fubftances made ufe of to procure the 
fcorification of the imperfeft metals, or i^mi-metala* 
that may be combined with the Silver. In the for- 
mer this was obtained by Lead, and here it is effcfted 
by Nitre. This Salt, as we have fhewn, hath the pro- 
perty of calcining and quickly deftroying all me- 
tallic fubftances, by confuming their phlogifton, ex- 
cept the perfedl metals. Gold and Silver, which alone 
are able to refift its force. This method may 
therefore be employed to purify Gold as well as Sil- 
ver, or indeed both the two mixed together. 

la 
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In this operation the Nitre is gradtially alkalt- 
zated as its Acid is confinned with the phtogifton of 
the metallic fubftanoes. I'he Alkaline Salt and 
pounded glafs are added with a view to promote the 
fufion of the metalline calxes as fad as they arc 
formed, and to fix and retain the Nitre, which, as 
we (hall prefendy fee, is apt. to (iy off in a certain 
degree of heat. 

The precaution of covering the crucible with an^ 
thcr crucible inverted, which hath only a. fraall hole 
in its bottom, is defigned to prevent any of the Silver 
from being loft in the operation : for when the Ni- 
tre comes to be afted on by a certain degree of heat, 
and efpecially when it deflagrates with any inflam- 
mable matter, part of it flies ofif, and lb rapid- 
ly too as to be capable of carrying oflf with it a 
good deal of the Silver. The little ht>le kit in the 
covering crucible is ncceflarv for giving vent to the 
vapours which rife during the deflagration of the 
Nitre, as they would otherwife open themfelves a paf- 
fege by burfting the veflJ^ls, After the operarion 
this vent-hole is found befet with many little parti- 
cles of Silver, which would have been loft if the 
crucible had not been covered. 

If you fliould obferve, during the detonation of 
the Nitre, that a great many vapours iffue through 
the vent-hole with a confiderable hifllng noife, even 
without applying the coal, you muft take it for a 
fign that the fire is too briflc, and accordingly check 
it ; elfe a great deal of the Nitre will be diffipatedj 
and with it much Silver. 

You muft obferve to take the Silver out of the 
fire as foon as it is in fufion : for if you negleft this^ 
the Nitre being entirely diflipated or alkalizated, 
the calxes of the metals deftroyed by it may poflibly 
recover a little phlogifton, communicated either by 
the vapours of the charcoal, or by little bits of co^ 
accidentally falling into the crucible \ by which 

means 
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means hmt portion of thofe metals being reduced 
will mix again w'vsh the Silver^ prevent its having 
the defired degree of purity and duftility, and ob- 
lige )rou -co begin the operation afreflx. 



PROCESS IV. 

To dijfolvt Silver in Aqua Fortis, and tberehy fepa- ' 
rate it from every other metalline Subfiame. . 7 be 
Purification of Aqua Fortis. Silver precipitated 
by Copper. 

TH E Silver you intend to.diflblve being beaten 
into thin plates, put it into a glafs cucurbit ; 
pour on it twice its weight of good precipitated 
jiqua Fortis \ cover the cucurbit with a paper, and 
let it on a fand-bath moderately heated. The Aqua 
Fortis will begin to diffolve the r ilver as loon as it 
comes to be a little warm. Red vapours will rife j 
and from the upper furfaces of the Silver there will 
feem to iffue ftrcams of little bubbles, afcending tothe 
top of the liquor, between which and the Silver they 
will form, as it were, a number of fine chains : this 
is a fign that the diflblution proceeds duly, and that 
the degree of heat is fuch as it ought to be. If the 
liquor appear to boil and be agitated, a great many 
red vapours rifing at the fame time, it is a fign thali 
the h^at is too great, and fhould be leflened.tili it 
be reduced to the proper degree indicated above : 
having, obtained that, keep it equally up till no more 
bubbles or red vapours appear. 

If your Silver be alloyed with Gold, the Gold 
wiUI he found, when the diflblution is finilhed, at 
the bottom of the veflcl in the form of a powder. 
The iblution muft now be decanted while it is yet 
warm : on the. powder pour half as much frtfhAqua 
. Fortis as before, and make it boil ; again decant this 
iecond Jqua F(?r//J, and repeat the fame a third 
2 time; 
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tfine \ then with fair water wa(h the remaining pow*; 
der well : it will be of a brown colour inclining to 
ltd. In the obfervarions we fhall (hew how the Sil- 
ver is to be feparated from the jiqua Farns. 

OBSERVA r IONS. 

All the proceflcs on Silver already delivered^ 
whether for extnading it from its ores, or for refin- 
ing it, either by the Cupel or by Nitre, are applica- 
ble to Gold alfo. And if Silver be alloyed with 
Gold before it undergo thofe feveral operations, 
|t will ftiU renutin alloyed therewith after them, in 
^ (ame. (nanner, and in the fame quantity ; becaufe 
both metals bear them equally. All therefore, that 
Q^n be expected from thofe feveral affays, is the fe- 
paration of every thing that is neither Silver nor 
Qold from thefe two metals. But ii) order to fe- 
parate thefe two from each other, recourfe mufl be 
bad either to the proctfs laid down under the head 
of Gold, or to that here defcr^bed, v/hich is the 
uifi&. commodious, the moft ufual, and known by 
the names of ^lartation and the Parlifig JJfay, 

Aqua Fortis is the true Solvent of Silver, and is 
Utterly incapable of diflfolving the lead atom of 
Gold. If therefore a mafs confifting of Gold and 
Silver be expofed to the aftion of /i(iua Fortis^ that 
^cki will diflblve the Silver contained in the com- 
pound^, without touching the Gold, and the twor 
^(if^als will be feparated from each other. This me- 
thod of parting them is juft the reverie of that 
dcfcribed before under the head of Gold, which is 
fflfefted by the means of Aqua Regis. 

To the fuccefs of this reparation by means of 
Aqua Fortis feveral conditions are eflenttally neceffary. 
The firft is that the C^old and Silver be in due prd- 
por(ion to each other ; that is, there mufl: be at leaft 
twice as much Silver as Gold in the metalline mafs, 
9thenvife the Aqua Fortis will not be able to difTolvc 

it. 
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it, for the re$^(bn formerJy ^vea. If thereforfc 
the mafs contain too little Silver, it mud either be 
melted down again^ and a proper quantity ^ Silver 
added \ or elle, it the Gold oe in a fujfficient pro- 
portion to the Silver, they may be parted by means 
of Aqun Regis. 

Secondly, it is neceflary that the /Iqua Foriis em- 
ployed in this operation be abfblutely pure, and Ate 
trom any taint of the Vitriolic or Marine Add : for, 
if it be adulterated with the Vitriolic Acid, the Sil- 
ver will precipitate as f'aft as it diflblves, and fo the 
precipitated Silver will again mix with the Gold, If 
the Aqua Foriis contain any of the Marine Add» 
the Silver will be precipitated in tha^t cafp difo ; and 
this inconvenience will be attendeid with dnothet'^ 
namely, that the menftruum, being partly an Aqm 
Regis^ will diflblve fome of the Gold. Tou mtift 
therefore be very fure that your A^a Fortis ii fttfe 
before you let about the operation. In order to dif- 
cover its quality, you muft try it by difS^ving, ih a 
fmall portion thereof, as much Silver as it will takb 
up : if the Aqua Fortis grow opaque and milky iM 
it diflblves the Silver, 'tis a fign it contains fome lb- 
reign Acid, from which it muft be purified. 

In order to effeft this, let the portion of Aqu^ 
Fortis ufcd for the above trial ftand^to fettle : the 
white milky part will gradually fall to the bottDin 
of the veflel. When it is all fallen, gently decaAt 
the clear liquor, and pour a few drops bf tWs de- 
canted folution of Silver into the Aqua Fintts which 
you want to purify. It ViU inftantly become milky. 
Let the white particles* precipitate as before, and 
then add a few more drops of your fokition of Silver. 
\i the AqsM Fortis ftill become milky, let it preci- 
pitate again, and repeat this till you find that a drop 
^ your Solution of Silver, let fall into thb A^ud 
^rUsj -does hot midce it in the leaft turbid. Then 
^ . filter 
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filter it through brown paper, and yoo will have an 
A^i^ Fcrtis perfedUy fit for the Parting Aflay. 

The white particles that aj^iear and iettle to the 
bottom, on dtflolving Silver in an y^ua F^rHs adul- 
terated with a mixture of ibme foreign Acid, are 
no other than that very Silver, which is no ^ner 
''diflblved by the Nitrous Acid than it deferts that 
Iblvent to unite with the Vitriolic or Marine Acid, 
wherewith it has a greater affinity, and fails to the 
bottom with them. And this happens as long as 
diere remains in the Aqua Fcrtis a fingle atom of 
cither of thofe two Acids. 

When therefore your Aqua Forth harh dtflcdved 
as much Silver as it is capable of taking up, and 
when all the White panicles formed during the dif- 
Iblution are fettled to the bottom, you may be af- 
fured that the portion which remains clear and lim* 
pid is a folution of Silver m an exceeding pure Aqua 
Fortis. But if the folution of Silver thus depurat** 
ed be mixed with an Aqua Fortis adulterated with 
the Vitriolic or Marine Acid, a like precipitation 
will immediately enfue, for the reafbns above ^ven, 
till the very laft particle of the heterogeneous Acid 
contained in the Aqua Fvrtis be predptated. 

Aqua Fcrtis purified by this method contams no 
extraneous fubftance whatever, except a fmall por^ 
tion'Of Silver ; fo that it is very fit for the parting 
proceis. But if it be intended for other chymkrai 
putp(^, it muft be reified in a giais retort with 
a moderate heat, in order to feparate it from the 
fmall portion of Silver it contains, which will re*- 
main at the bottom of the retort. 

The third condition necefiary to the fucceft of thia 
pperation is that your Aqua Fortis be neither too 
aqueous, nor too highly concentrated. If too weak, 
it will not a& upon the Silver : and the confequence 
will be the fame if it be too flrong. Both theie in-^ 
tonv^niencies arc eafily remedied : for in the former 

cafe 
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cafe part of the fuperfluous frfilegm may be drawn 
off by diftillation ; or a fuffkient quantity of much 
ftronger Aqua Fortis may be mixed with that which 
is too weak : and in the latter cafe, very pure, rain 
water, or a weaker Aqua Foriij^ may be mvitd 
with that which is too ftrong. 

You may fatisfy yourielf whether or no your Aqua 
Farfis hath the requifite degree of ftrength, by dif- 
folving therein a thin plate confiding of one part 
Gold and two or three parts Silver ; which- plate 
muft be rolled up in form of a paper coffin. If, 
when all the Silver contained in the plate is diflblved, 
' the Gold remains in the form of the coffin» k is a 
fign that your Solvent has a due degree of ftrength. 
If, on the contrary, the Gold be reduced to a powder, 
it ts a proof that your Aqua Finrtis is too ftrong, and 
ought to be weakened. 

The Gold remaining after the diflblution of the 
Stiver muft be melted in a crucible with Nitre and 
Borax, as hath already been faid under the procels 
for puting Gold and Silver by means of Aqua Re-- 
gis. As to the Silver which remains diflblved in the 
Aqua Far ti3>i there arc fevcral ways to recover it. 

The moft ufual is to precipitate it by the interpo- 
fition of Copper, which hath a greatet affinity thaa 
Silvtr widi the Nitrous Acid*. For this purpofe 
the jfolucion is weakened by adding twice Or thrice 
as f much very pure rain water. The cucurbit con- 
taitting the folution is &t on a, fand-bath gently 
heaticd, and very clean platefli irf" copper put into it. 
The fur&cefl of thefe plates are foon covered with 
little white fcales, which, gradiiajly fall td the bot- 
tom of tlie vefiel, as they come to be cojlleAed in 
q^tities. It i^ even propier to ftrike the cucurbit 
gently now and then, in order to ihake the fcalcs ^f 
Silver from the copper plates, and io make room for 

a new crop. ' 

The • 

• Sec the Table of AiEnitics Column IV. 
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The A^uA Tartis parts with the Silver by degrees 
0Bly as it diflblvcs the Copper \ and therefore the 
Uquor gradually acquires a bludfh green colour as 
die precipitation advances* This preciixtation ^ 
die Silver is to be continued as long as any remains 
diflblved in the AtpLa Feriis: you nuy be fune 
thtt your liquor contains no more Silver, if the iur- 
fiioe of a frcfh plate of copper laid therein remaia 
clean and free from afli-coloured or eieyiih particles ^ 
or if one drc^ of a folution of Sea-falt let fall into it 
produce no white or milky cloud. 

The precipitation being finiflied, the liquor is to 
be gently jpoured off from the preciptated Silver^ 
which muit be rinfed in feveral waters, and evei 
made to boil therewith, in order to free it wholly 
from the diflblved Copper. The Silver thus weU 
wafhed mufl be thoroughly dried, mixed with a 
fourth of its weight of a flux compounded of equal 
parts of Nitre and calcined Borax, and then melted 
in a crucible. On this occafion care muft betaken 
to raife the fire gently and gradually, till the Silver 
be brought to fufion. 

With what accuracy ibever die precipitated Silver 
be waihed, in order to free it from the folution of 
Cc^)per, . yet the Silver will always be found alloyed 
with a imsiX portion of the Copper : but then this 
Copper is eafily dcftroycd by the Nitre, with which 
the Silver is afterwards meloed ; fo that the latter 
metal remains perfedly pure after the (^radon. 

Though the Silver be not previoufly cupelkd, but 
be alloyed with other metallic fubilances at the time 
it is thus diflblved, yet the diflblving, precipitating^ 
and fufing it with Nitre would be fuflicient to feparatc 
it accurately from them all, and refine it to a de-^ 
gree of purity equal to that obtained by the cupeL.^ 

The Copper that remains diflblved in the A^fus^ 

FortiSy after the precipitadon of the Silver> may in 

like manner be precipluted by Iroui and, as it re- 

\.. tains 
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tains a fmall portion of Silver, ought not to be neg- 
ledled when thefe operations are perfbritied on con- 
fitJerable quantities. [ . 

In the two next proceflcs we Ihall fliew two ctther 
methods of feparating Silver froon Jqua Fords. . 
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PROCESS V. ' '" 

* » ' • 

^ofep^^ate Silver from the Nitrous Acid by^ DifiiUa^ 
tion. Cryjials vf Silver. The Infernal Spvne^ 

INTO a large, low, glafs body put (fhe folution 
of Silver from which you intend to feparate the 
Silver by diftillation* To this body fit a tubulated 
head provided with its ftopple. Set this alembic 
in a fand-bath, lo that the body may be almoft 
tcovered with fand : apply a receiver, and diftiU 
with a moderate heat, fo that the drops may fuc- 
ceed each other at th^ diftance of fome feconds. If 
the receiver grow very hot, check the fire* ' When 
red vapours begin to appear, pour into the alembic, 

-through the hole in its head, a frefh quantity of 
your folution of Silver, firft made very hot. Con- 
tinue diftillmg ia this nfianner, and repeating the 
addition of frelh liquor, till all your folution be put 
into the alembic. When you have no more frefh 

.folution to put in, and when^ the phlegm being all 
come over, red vapours begin again to appear, con- 
vey into the alembic half a dram" or a dram of 

. tallow, and diftill to drynefs ; which b^ing done, in- 
crcafe your fire fo as to make the veflil containing 

. the fand-bath red-hot. In the alenibic you will 

, find a calx of Silver, which rpuft be melted i^i a cru- 
cible with fome foap and calcined wine-lees. 
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OBS ERV ANIONS. 

A low cucurbit is recommended for this ope 
ration, to the intent that the particles of the Nitrous 
Acid, which arc ponderous, may jthe more eafiiy 
be carried up and pafs over into the receiver. For 
the fame realbn the cucurbk is dlrefled to fee' f^tnoft 
wholly covered with fand ; left otherwife the acid 
vapours fhould be condenfed about that part of the 
cucurbit, which, beii^ out of the fand, would be 
much cooler than that which is encooipafied there- 
with, and from thence fall back again to the bottom ; 
by which mieans the diftillation would certainlyf be 
retarded, and the veflel would probably be br<4^eH. 

Notwichftanding thefe precautions the vdPCch are 
liable to break in fuch dMlfllations ; oCpeciaHy when 
they contain a great deal of liquor. With a view 
therefore to prevent this accident, we ordered that 
the whole quantity of the iblution of Silver to be 
diftilled fhould not be put at once into the alem- 
bic. The little bit of tallow added towards the 
end of the operation is intended to hinder the metal 
from adhering clofely to the veflel, as ij: would other- 
wife do, when all the moiftune is diffipated. 

The Soap and Fixed Alkali mixed with the Siivor 
to flux it, after its feparatioii from the Jqua Fcrtis 
in this way, fe^e to abforb luch oi the moft fixed 
particles of tke Acid as may ftill remain united with, 
the metal. 

' If the diftillation be ftopped when part of the 
phlegm is drawn off, and the liquor be then fufl£i:Qd 
to cool, many cryftals will (hoot therein, wbich 
are a Neutral Salt conftituted of the Nitrous Acid 
and Silver. If the diftillation be carried furchcf, 
and ftopped when near its cqnclufion, the liquor 
being then fuffered to cool will wholly coagulate 
into a Uackifti mafi called the Infernal Stone. 

Tfef 
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This way of feparating Silver from its folvenc 
is attended with the advantage of faving all the 
Jqua Fortis^ which is.excelleoF, and fit to be em- 
ployed in other operations. 



PROCESS VL 

i. 

Tofeparate Silver from the Nitrous Acid h^ 'Prtcm- 
tation. Luna Cornea. Luna Cornea reduced. 

INTO your fdutian of Silver pour about a 
fourth part in weight of Spirit of Salt, Iblution 
of Sea- fait, or folution of Sal Ammoniac. The li- 
quor will inftantly become turbid and milky. Add 
twice or fhrice its weight of fair water, and let it 
ftand fome hours to fetrie. It will idepofite a white 
powder. Decant the clear liquor, and on the pre- 
cipitate pour frefti A(iu& Fortis^ or Spirit of ^ Sak^ 
and warm the whole on a fand-bath with a gentle 
h^at for fome time. Pour off' this fecond liquor, 
and boil your precipitate in pure water, (hiftingit fe- 
veral times, till the precipitate aad the water be both 
quite infipid. Filter the whole, and dry the preci- 
pitate, which will be a Luna Cornea^ and muft be 
reduced in the following mariner. 

Smear the infide of a good crucible well with 
foap. Put your Luna Cornea into k ; cover it with 
halt its weight otf Salt of Tartar, thoroughly dried 
and pulverifed •, pre^s the whole hard down \ pour 
thereon as much oil, or melted tallow, as the powder 
is capable of imbibing ; fet the crucible thus charged, 
and clofe covered, in a, melting furnace, and, for the 
firft quarter of an hour, kindle no more fire than is 
' necci&ry to make the crucible moderately red ; after 
that rdfe it fo as to mck the Silver and the Salt, 
throwing into the crucible from time to time Ikrie 
bits of tallow. When k ccafes to fmokc, kt die 

Z 2 whole 
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whole cool ; or pour it into a hollow iroo conr^ 
warmed and tallowed. 

OBS ERyATIONS. 

The procefs here delivered furniflies us with tUc 
means of procuring Silver in a degree of purity 
which is not to be obtained by any other method of 
treating it whatever. That which is refined on the 
cupel always retains a fmall portion of copper, from 
which it cannot poffibly be feparated in that way : bat 
ifitbcdiflblved in Aqua For lis, and precipitaffed thence 
in a Luna Cornea by the Marine Acid, the preci- 
pitate will be an abfolutely pure Silver, unalloyed 
with that fmall portion of Copper which it retained 
on the cupel. The reafon of this effeft is, that the 
Copper remains as perfeftly diifolvcd in Spirit of 
Salt and in Aqua Regia as in j^qua Fartif : io that 
when the Silver and the Copper with which it is al- 
loyed are diffolved together in the Nitrous Acid, if 
the Acid of Sea-fak be mixed with the folution, 

•part of this latter Acid unites with the Silver, and 
therewith forms a new compound, which not being 
foluble in the liquor, falls to the bottom. The 
other part of the Acid mixing with the Nitrous, 
forms an Jqua Regis^ in which the Copper remains 
diffolved, without feparatingfrom it. 

Frefh Acid is poured on the precipitated calx of 
Silver, in order tq complete the folution of the fmall 
portion of Copper that may have cfcaped the adion 
of the firft folvent. It is indifferent whether the 
Spirit of Salt or the Spirit of Nitre be employed 
for this purpofe, becaufe they both diffolve Copper 
alike, and becaufe Silver precipitated by Spirit of 
Salt is not foluble in either. 

After this it is neceflary to wafti the precipitate 
well with pure water, in order to free it entirely from 

. the particles of Aqua Fortis adhering to the Sil- 
ver.; becaufe they maypoffibly contain fomething of 

Copper, 
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Copper, which would mix with the Silver in melt^ 
ing, and taint itis purity. 

' if this precipitate of Silver be -expofed to the fire, 
unmixed with any other fubftanoe, it melts as foon 
as it begins to be red -, and if the fire be increafcd, 
part thereof will be diffipated in vapours, and the 
reft will make its way through the crucible in which 
you melt it. But being poured out of the crucible 
*as foon as melted, it coagidates into a cake of a pur« 
plifli red colour, fcmi-tranfjparent, ponderous, and 
in fome degree pliaBle, efpecially if it be very thin. 
Jt bears fome refemblance to horn, which hath oc- 
Cafioned it to be called Luna Cornea. 

As Luna Cornea is not foluble in water, recourfe 
muft be had to fufion, in order to reduce it by fe- 
parating from the Silver thofe acids which give it 
the abovementioned properties. Fixed Alkalis and 
fatty matters are very fit to produce that fepara- 
ti^n. 

We dircfted that the infide of the crucible, in 
-which the reduction is to be made, fhould be care- 
fully fmcared with foap, and that the Luna Cornea 
fliould be quite covered with a Fixed Alkali and fat, 
to the end that when the heat is ftrong enough to 
- diffipate it in vapours, or to attenuate it fo as to 
render it capable of penetrating the crucible, it may 
be forced to pafs through matters qualified to abibrb 
its Acid^ and reduce it. 

Luna Corned may alfo be reduced by being melted 
with fuch metalline fubftances as have a greater af- 
finity than Silver with the Acids wherewith it is im- 
pregnated. Of this kind are Tin, Lead, Regulas 
of Antimony : but the Luna Cornea rufties fo impem- 
oufly into conjunftion with thofe metaUiiie fubftan- 
ces, that a vaft many vjq)ours arife, and carry 
ofi^ with them part of the Silver : if therefore you 
chufc to ejBfeft the redudion by tbp interpofition 

Z3 . of 
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of fuch metalline fubftancesi you muft employ a ft* 
tort inflead of a crucible. 

But this method is attended with another incon- 
venience ; which is, that fome part of thofe metal- 
line fubftances may unite with the Silver^ and ^ul- 
ca-ate it \ for which reaibn it is beft to keep to the 
method fir ft propoied. 
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PROCESS VII. 

To difftihe SiheTy and feparate U from Gold, fy 

Cementation. 

MI X thoroughly togetlicr fine brick-duft four 
partsi Vitriol calcined to rednefs one part, 
and Sea fait or Nitre one part. Mbiften this pow- 
der with a little water. With this cement cover the 
bottom of a crucible half an inch thick j on this firft 
bed lay a thin plate of ihe mals of Gold and Silver 
you intend to cement, and Which you muft previ- 
oufly take care to beat into fuch thin plates. Co- 
ver this plate with a fecotld layer of cement, of the 
feme thicknefe as the former ; on this iecond bed 
lay an(s>ther plate of your nietal ; cover it in like 
manner with cement ; and ft) proceed till the cru- 
tifale be filled to within half an inch of its brim. Fill 
up the remaining Ipace with cement, and clofe the 
crucible with a cover, luted with a pafte made of 
Windfor-loam and water: fet ydur crucible thus 
charged in a furhace, whofe fire-place is deep-enough 
to let it be eritiiely furroundtd With Coals, quite up 
to its mduth. Light fome Coals in the furnace, Cak-. 
ing care not to make the fire very brilk at firft j en- 
creafc it by degrees, but only (o far as to make the 
crucible moderately red ; keep up the fire irt this de- 
gree for eighteen dr twenty hours : then let the fire 
go out i operi the crucible when it is cold, and fepa- 

$ jate 



Practice of CrfV-M'i^TRy. 343-. 

rate' the cement from y6uT plates of Gold. Boil 
the Gold repeatedly in fair water, till the water 
come off quite infipid. 

OBS ERVAf IONS. 

ft 

It cannot but feem flrartge that,' after having fa 
often declared the Acid of Sea-falt to be incapabl? 
of diffolvilig. Silver, we fliould direft either Nitre 
or Sea*falt indifferently to be employed intconrpofinj^ 
a cement, which is to produce an Acid capable oi 
eating out aU the Silver mixed with Gold.* It is 
cafy to conceive how the Nitrous^ Acid extricated 
from its bafis by means of the Vitriolic Acid may 
produce this effeft 2 but if Sea-falt inftead of Nitre 
be mad^ an ingredient in the cement, its Ariel, 
though fet at liberty in the faine manner by the Vi- 
triolic Acid, muft at ^rft light appear unable to 
anfwcr the end. / 

In order to remove this difficulty we miift here 
obferVC'that there are two Very efiential differencei 
between the Marine Acid coUefted in a liquor, as it 
is when.diftilled in the ufual hianner, and the fame 
Acid feparatcd from its bafis in a Crucible, as it is 
in cementation* . . ♦ -^ 

The fii-ft of thefe t^o diffcrencei is that, the Acid 
being reduced into vapours when it aAs on the Sil- 
ver in cementation, its aftivity is thereby greatly en- 
creafed : the (ecoAd is, that in the crucible it fuf- 
tains a vaftly greater degree of lifeat than it cah 
ever bear when it is in the form of a liquor. For, 
dftef it is once diftilled and feparated from its bafis, 
it cannot* fuftain any extraordinary degree of heat 
without being volatilized and entirely diffipated : 
whe^eas white it continues united with its bafis it is 
much more fixed, and cannot be feparated but by a 
very intenfe heat. Confcquently, if it meet with 
any body to diflfolve, at the very inftant of its fepa- 
ration from its bafis, while it is aduated by a much 

Z 4 fiercer 
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fiercer heat. than can ever be applied to it on any 
other occafion, it muft operate upon that body with i^ 
much the more efficacy : and thus it comes to pais 
that in cementation it has the power of diilbiving 
Silver, whiqh it would be incapable of touching iJ^ 
it were not-fo circumftanced* 

But herein Qold differs from Silver: for, whatever 
force ''the Nitrous or the Marine Acid may exert, 
when extricated from their bafes in the . cementing 
crucible, this metal obftinately refufes to yield to ei-. 
ther of thofe Acids feparately, and can never be 
^illblvcd by them, unlefs both be united together. 

Our cementation thercfo^^e is adually a parting 
procefs in the dry way. I'he Silver is diflblved, 
and the Gold xemains unaltered. Nay, as the adi- 
pn of the Acids is much ftronger when they are ap- 
plied this way, than when they are ufed for diiJohn 
tion in the moift way, the Nitrous Acid, which in 
the comtTion parting procefs will npt diflplve. Silver 
unlcft its weight be double that of the Qold> is able 
in cementation tq diflblve a very fmall quantity of 
Silver diffufed thrpugl) a large quantity of Gold. 

It fometimes happens that after the operation the 
cement pr-oves extremely hard, fo that it is very 
troublelbme to feparate it entirely from the Gold. 
In thii cafe it* muft be fofrened by moiftening it with 
hot water. Th'S hardnefs which the cement ac- 
quires is occafion^d by the fufion of the Salts, ^hich 
is the efFedl of too ftrong a heat. It was in order 
to prevent this, and that a due degree of heat might 
be applied without the danger of melting . the falts, 
that we direfted the cement to be mixed yhth a con- 
fiderable quantity of earthy matter incapable of fu- 
fion, fuch as brick-duft, A greater inconvenience 
ftill will enfue if the fire be made fo ftrong as to 
melt the Gold : for then it will partly commix 
again with the other metalline fubftances diflblved 
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by the cement, and confequently will jiot be pu- 

- The crucible is covered, and its cover luted on,; 
to prevent the acid vapours from bqng too foon; 
diffipated, and to force them to circulate, the. 
longer in the crucible. However," it is neceflary 
that thofe vapours fhould find a vent at laft, other* 
wife they would bu'rft the veflcl : and for this reafon 
we diredbed the crucible to be luted. only with Wind- 
fijr-loam, which does not grow very ,hard by the 
adion of fire, and fo is capable of yielding and giv- 
ing paffage to the vapours, when a certain JgwM- 
tity of them is cdleded in the crucible, and they be- 
gin to ftruggle for an efcape on every fide. 

When the operation is finifhed, the Silver diflblv^ 
ed by the Acid of the cement is partly diftributed 
through the cement, and partly in the. Gold. itfeltV 
which is impregnated therewith. For this rcalbn 
the Gold muft be waflied feveral times in boiling 
water, till the water become abfolutely infipid : 
for, if the Gold be melted without this precaution, 
it will mix again with the Silver ': the cement alfo 
may be waflied in the fame manner to recover the 
Silver it contains. 

. Though this cementation be, properly fpeakiiig^ 
a purification of Gold, yet we have placed it aniong 
the procefles on Silver, becaufe it is the Silver diat 
is diflfolved on this occafion, arid becaufe this is a 
particular way of diflblving that metal. Moreover, 
•moft of the proceffes hithertp delivered, either on 
Gold or Silver, are equally applicable to both thefc 
metals. 

If the Gold do not appear quite pure after the 
cementation, the procefs muft be repeated. , 

There are feveral ways to know the fineneis of 
Gold, the quantity of Silver with which it is alloy* 
cd, and the proportion in which thefc two metals are 
.mixed in a mafs purified by the cupel. 

One 
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One of the fimplcft is the trial by the Touch- ' 
ftone^; which indeed is hardly any more than judg^. 
ing by the eye only, from the colour of the com- 
pound metal, what proportion of Gold and Silver 
it contains. 

The Touch- ftonc is a fort of black marble, whoie 
furface ought to be half polifbed. If the metalline 
mafs which you want to try be rubbed on this done, 
it leaves thereon a chin coat of metal, the colour of 
^faich may be eafily ' obferved. Such as are ac- 
cuftomcd to fee and handle Gold and Silver can at 
once judge very nearly from this fample in what 
proportion tire two metals are combined : but, for 
greater accuracy, thofe who are in the way of hav* 
ing frequent occafion for this trial arc provided with 
a fuffictent number of fmall bars or needles^ of 
which one is pure Gold, another pure Silver, and 
all the reft confift of thefe two metals mixed tc^^ 
ther i|j different proportions, varied by carats, or 
even by fradions of carats, if greater exaftnefs be 
required. 

The finenefs of each needle being marked on it, 
that needle whofe colour feems to come nearcft the 
colour of the metalline ftreak on the Toucb-floM iS' 
rubbed wi the ftone by the fide of that ftreak. This 
needle likcwife leaves a mark ; and if there appear 
to be no difitrence between the two nietalUne ftiraks^ 
the metalline mafs is judged to be of the fame fine^ 
ncfs as the needle thus compared with it. If tlie 
eye dUcovclfs a fenfible difference, another needle is 
tought for whofe colour may come nearer to that of 
the metal to be tried. But though a man be ever 
fo well verfed in judging thus of the finenefs of Gold 
by the eye only, he can never be perfeftly and acr 
curately fure of it by this means alone. If fuch 
certainty be required, recourfe muft be had to the 
parting afiay ; and yet when you have gone through 
it, there always remains a fmall quantity ot the mrtal, 

which 
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which (hould have been diffolved, and yec elcaped 
the aftion of the folvent. For example, if you 
make qfe of Jqua Regis^ the Silver that remains af- 
ter the operation ftill contains a little Gold ; and, if 
you make ufe of Aqua Fortis^ tlic Gold that remains 
after the operation ftill contains a little Silver. Apd 
therefore if you refolve to carry the (eparation of 
thefe two metals ftill further by fdlvents, it will be 
neceflary, after you have gbne through one parting 
procefs, to perform a fecond the contrary w'ay. For 
example, if you be^n vnXh Aqua Fortis^ th^n, af- 
ter it has diffolved all the SUver in the metalline 
mals that it is capable of taking up, diffolve the re- 
maining Gold in jiqud Regis \ by which m^^ns you 
will fcparate the fmall portion of Silver left In it by 
the Aqua Fortis. The contrary i& to be done it 
you made ufe of Aqua Regis firft. 






CHAP. III. 

Of C6I>PER. 






PROCE.SS I. 

, ^0 ftptirate Copper f rem its Ote. 

BEAT, your Copper ore to a fine powder, hav- 
i*ig firft freed it as accurately as pofTible, by 
^afliing and roafting, from al! ftony, earthy, ful- 
phureous, and arfenical parts. Mix your ore thus 
pulverized with thrice its wei^lit of the black flux ; 
put the mixture into a crucible ; cover it with com- 
mon felt to the thkkncfs of half an inch, and prels 
the whole down with your finger. With all this 
the crucible muft be but half full. Set it in a melt- 
ing furnace 5 kindle the fire )by degrees, and raife it 

infen* 
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infenfibly till you hear the Sea-falt crackle. When 
the decrepitation is over, make the crucible mode- 
rately red-hot for half a quarter of an hour. Then 
give a confiderable degree of heat, exciting the fire 
with a pair of good perpetual bellows, fo that the 
crucible may become very red-hot, and be perfedtly 
ignited. Keep the fire up to this degree for abouc 
a. quarter of an hour ; then take out the crucible, 
and with a hammer flrike a few blows on the floor 
CHI which you fet it» Break it when cold. If the 
operation hath been rightly and fuccefsfully perform- 
ed, you will find at the bdttom of the veflel a 
bard Regulus, of a bright yellow colour, and femi- 
malleable ; and over it a fcoria of a yellowifh brown 
colour, hard and Ihining, from which you m^y fe^ 
l^arate the Regulus with a hammer. 

/ • • • 

OBSERVATIONS. 

Copper' in the ore is often blended with fevcral 
other metallic fubftances, and with volatile mine- 
rals, fuch as Sulphur and Arfenic. Copper ores 
alfo frcquenriy participate of the nature of the py- 
rites, containing a martial and an unmetallic earth, 
,both of which are entirely refradlory, and hinder 
the ore from melting. In this cafe you muft add 
equal parts of. 'a very fufile glafe, a little borax, 
and four parts of the black flux». to facilitate the 
fufion. The black flux is moreover necefiary to 
^furnifh the Copper with the Phjogifton it wants, or 
rcftore fo much thereof as it may lofe in melting. 
For the fame reafon, when any ore, but that of 
Gold or Silver, is to be fmelted, it is a goperal rule 
to add fome black flux, or other matter abounding 
with Phlogifl:pn. 

The Regulus produced by this operation is not 
malleable, bepaufe it is not pure Copper, but a mix- 
ture of Copper with all the pther njetallic fubftances 
. ^ that 
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that -were in the ore j except fuch as weft feparate^ 
from It by roafting, of which it contains but little. 

According to the nature of the metallic matters 
that remain combined with the Copper after this fu- 
lion, the colour of* the Regulus is either like that 
.of pure Copper, or a little more whitifh : it is aMb 
irequendy blackilh, which has procured it the name 
of Black Copper. In this ftate, and even in general, 
it is ufual enough to call this Regulus by the name 
of Black Copper, when alloyed with other metallic 
fubftances that render it unmalleable, whatever ifs 
colour be. . 

Hence it appears that there may be feveral difl^* 
rent forts of Black Copper. Iron, Lead, Tirt, 
Bifmuth^ and the reguline port of Antimony, are 
almoft always combined with the ores of Copper, 
in a multitude of differeht proportions ; and all thefe 
fubftances, being reduced by the blackjflux in the 
operation, mix and precipitatie with *the Copper; I^ 
the ore contain any Gold or Silver, as is pretty often 
the cafe, thefe two metals alfo are confounded with 
the reft in the precipitation, and become part of the 
Black Copper. 

Pyrltofe, fulphureous, and arfenical Copper ores 
' may be fufed, in order to get rid of the grofler hc- 
'terogeneous parts, without previoufly roafting them : 
but in this cafe no alkaline flux muft' be mixed' with 
the ore > becaufe the Alkali in Combination with the 
.'Sulphur would produce a Liver of Sulphur, and fo 
diflblve the metalline part; by which means all 
. would be confounded together, and no Regulus^ or 
very little, be precipitated. On this occafion there- 
fore nothing muft be added to promote the fufion, 
but fome tender fufile glafs, together with a fmall 
quantify of borax. - * 

This firft fufion may alfo be performed amidfl: 
the coals, by cafting the ore upon them in the fur- 
naccj^ without ufinga crucible ; and then an earthen 

veflcl. 
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▼eflel, thoroughly heated, or even made red-hot, 
mud be placed under die grate of the fire place, 
to receive the metal as it runs from the ore. 

The Regulus obtained by this means is n^ucK 
more impure and brittle than Black Copper, becaufe 
it contains moreover a large quantity of Sulphur 
and Arlenic \ as thefe volatile fub(tana*s have not 
time to evaporate during the fliort fpace requifitc to 
melt the ore, and as they cannot be carried off by 
the aftjon of the fire after the ore is once melted, 
whatever time be allowed for that purpofe. How- 
ever Tome part thereof is diffipated, and the Iron 
which is in pyritofe ores, having a much greater 
affinity than Copper, and indeed than any other 
metallic fubftance, with Sulphur and Arlenic, ab- 
forbs another pare thereof, and feparates it from the 
Regulus. 

This Ikgulus, it is plain, dill contains all the 
*fame'parts that were in the ore, but in diflferent pro- 
portions •, there being more Copper, combined wixh 
lefs Sulphur, Arfenic, and unmetallic earth, which 
have been either diffipated or turned to flag. There- 
fore if you would make it like Black Copper, you 
muft pound it, road it over and over, to free it 
.from its Sulphur and Arfcnic, and then melt it with 
the black flux. 

If this Regulus qontain much Iron, it will be ad- 
vifcable to melt it once or twice more, before ajl 
the Sulphur and Arfenic are feparated from it by 
roafting -, for as the Iron, by uniting with thefe vola- 
tile fubftances, feparates them from the Copper, with 
which they have hot fo great an affinity ; fo alfo 
the Sulphur and Arfenic, by uniting with the Iroo, 
help in their turn to feparate it from the Copper. 




PRO. 
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PROCESS II. 

fo ptrify Black Copper., and render it mstkahk. 

BREAK into finall bits the Black Copper you 
intend to purify \ mix therewith a third part 
in weight of granulated Lead, and put the, whole 
into a cupel fet under the muffle in a cupelling fur- ' 
nace, and previoufly heated quite red. As foon ^ 
the metals arc in the cupel raife the fire confiderably; 
'making ufe, if it be needful, of a pair of perpetual 
bellows, to melt the Copper Ibeedily. When it i$ 
thoroughly melted lower the fire a little, and con.- 
tinueit jufl: high enough to keep the metalline mafs 
in perfeft fufion. The melted matter will then hoil, 
and throw up fome fcorine^ which will be abforbed 
by the cupel. 

.When moft of the lead is confumed, raile the 
fire agaiti till the face of the Copper become bright 
and mining, thereby ftiewing that all its alloy is 
feparated. As foon as your Copper comes to this 
ftate, cover it with charcoal-duft conveyed into 
the cupel with an iron ladle: then take the cupel 

out of the furnace and let it cool. 

■ • » 

OBSERVATIONS. 

Of aU the metals, next to Gold and Silver, Cop- 
per bears fufion the longeft without lofmg its phk>- 
gjifton -, and on this property is founded the ptocefs 
here delivered for purifying. it. 

it is neceflary the Copper (houjd melt a$ fooa as 
it is in the cupel, becaufe its natuie 1% co calcine • 
i9uch moFe eafily and much fooner, when k is only 
fed-hot, than when it is in fuGon. For this reafon 
, the fire is to be confider^bly raifed, immediately on 
fwtti»% ihje Cpppcr under the mufiie, that it may melt 

as 
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as icon as poflible. Yet too violent a degree of^ fit6 
muft not be applied to it *, for when it is expoicd to 
fuch a d^rec of heat only a& is but juft necefikry 
to keep it in fyfion, it is then in the moft favourable 
condition for loGng as little as may be of its pido- 
^fton ; and if the heat be ftronger, a greater .quan^ 
tity thereof will be calcined. As loon therefore as 
it flows it is proper to weaken the fire, and reduce 
it to the degree juft requifite to keep up the fufion. 
The Lead added on this occafion is intended to 
facilitate and expedite the fcorification of the metal- 
lic fubftances combined with the Copper. So that 
the event is here nearly the lame as when Gold or 
Silver is refined on the cupel. The only difference 
between this refining of Copper, and that of the 
perfcft metals, is that the latter, as hath been ftiewn, 
abfolutely refift the force of fire and the adtion of 
Lead, without fullering the leaft alteration ; where- 
as a good deal of Copper is calcined and deftroyed, 
when it is purified in this manner on the cupel. In- 
deed it would be wholly deftroyed, if •a greater 
quantity of Lead were added, or if it were left too 
loncy in the fiirnace. It is with a view to fave ai 
much of it as poflible that we order it to be coK^'ered 

with charcoal-duft as fix)n as the fcorification is fi- 

* 

niihed. 

The Lead fcrves moreover to free the Copper ex- 
peditioufly from the Iron with which it may be al- 
loyed. Iron and Lead are incapable of contraAing 
any union together : fo that as fall as the Lead unites 
with the Copper, it feparates the Iron, and excludes 
it out of the mixture. For the fame reafon if IrOn 
were combined in a large proportion with Copper, 
it would prevent the Lead from entering into tfec 
compofition. Now, as it is neceflary to give the 
more heat, and to keep the Copper to be incorpo- 
rated with Lead the longer in fufion, as that Cop^ 
per is alloyed with a greater proportion of Iitti, 
^ fomc 
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fomt black flux miift be sldded on this occafion, td 
^re^eht the Copper and the Lead froth being cal-^ 
cined before their ailbciatioii caii be cSt&td. 

Copper, pwified in the manner here dii'efted is 
beautiful and malleable. If is ndw alloyed with no 
other metalline fubftande but Gold or SilVer^ if 
(here were any in the miked mafs. If you defire to 
extract this Gold or Silvei^, recourle niiifi: be had 
tb the Operation of the cupel. The procefs here 
given for purifyit^ Coppfcr is not ufed in large worksjj 
becaufe it would be much too dhargeable. In order 
to purify their Black Copper, and render it mallea-^ 
ble, thefmelters content themfdves with.roafting ijt, 
and melting it repeatedly, that the iheiallie' ftib- 
ftances which are not fo fixed as copper may he 
difliplted by fublimation, and the reft f^rified by 
fufibrt. 
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PROCESS III; 

To deprive Copper of Us Phlogifton.by calcination^, 

EUT yolif Coppef ih filJngsi into a teft, ^4 
let it uqdcr the muffle of a clipelling furnace j 
^ t the fire, and keep up liich a degree of heat as 
may make the whole quite red, but not enough tomelc 
the Copper. The furface of the Copper will gradually 
lofe its metalline fplendour, and put on the appear- 
ance of a reddifh earth. From time to time uir thd 
filings with a little rod of copper or iron, and leave 
your metal expofed td the fame degree of fire till it 
be entirely calcined. 

OBSERVAttbfj'S. 

In- dttr obfcrvations on the preceding procefs We 
took notice that Copper, in fufion, calcines moreflow- 
1)^, and lefs eafily, than wh^n it is expofed to a degree 
of fire barely fufficient to keep it red-hot, without 

Vol. L a a melcing 



mdring it ; and therefore, the delign here being to 
catcine it, ^e have direfted that degree of heat only 
to be applied. 

The cupelling furnace is the fitted for this opera- 
tion, bccaufe the muffle is capable of deceiving fuch 
a Bat vcflcl as ought to be ufed on this occafion, 
and communicating to it a great deal oJF heat ; whilcy 
at the fame time, it presents the falliiig in 6f any 
coals, which, by fuinifhing the Coppeir "wiih ftelh 
phlogifton, would greatly prejudice and pfotraft 
the operation. 

A i Copper calcines with great difficulty, this ope- 
fation is extremely tedious : nay, though Copper 
hath flood thus e^pofed to the fire for feveral days 
and nights, and feems perfeftly calcined, yet ft fre- 
quently happeni that when you try afterwards to 
melt it, fome of it refumes the form of Copper : 
a proof that all the Copper had not loft its ^pbio* 
gifton. Copper is^ much more expeditioufly de- 
prived of its phlogifton by calcining it in a crucible 
with Nitre. 

. The calx of Copper perfeftly calcined is with 
great difficulty brought to fufion : yet, in the^ focus 
of a large burning glafs, it melts and turns to a red- 
*difh and almoft opaque glafs. 
• By the procefs here delivered you may like- 
wife calcine all oth«f metalline fubftahces which 
do not melt till they be thoroughly red-hot. As to 
thofe which melt before they grow red, they are ea- 
fily enough calcined, even while fhey are in fufion* 
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Sj^ refufdtate the Calx of Copper ^ and reduce it to 
Copper^ hy rejioring its' Phlogifton. 

1i ^ I X the CaJx of Copper with thrice as much 
JlVx of the black (lux 5 put the mixture into a 
good crucible^ fo as to fill two thirds thereof, and 
over it put a layer of Sea-falt a finger thick. Cover 
the crucible, and fet it in a melting furnace ; heat 
k gradually, and keep it moderately red till the 
/decrepitation of the Sea-falt be over. Then raife 
the fire confiderably. by means of a good pair of per- 
petual bellows J fatisfy your lelf that the matter is in 
^pferfed fufion, by dipping into the crucible an iron 
.wire ; continue the fire in this degree for half a quar* 
ter of an hour. When the crucible is cold, you will 
£nd at its bottom a button of very fine Copper, 
which will eafily Separate from the faline fcoria at top. 

OBSERVATIONS. 

' Wh AT hath been faid before on the fmelting of 
Copper ores may be applied to this procefs, as being 
the very fame. The obfervations there added 
fliould therefore be confuked on this occafion. 



PROCESS V. 

To dijfohe Copper in the Mineral Acids. 

O^ a fand-bkh, in a very gentle heat, fet a 
matrafs containing fome Copper filings ; pour 
on them twice their weight of Oil of Vitriol. That 
' Acid^ will prefentiy attack the Copper. Vapours 
will rife, aAcJ ilTue out of^the neck of -the matraft. 
A vaft number of bubbles will afcend from the fur- 

" 'A a 1 face 
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face of the metal to the top of the liquor, and the 
liquor will acquire a beautiful blue colour. Whetv 
the Copper is diffolved, put in a little and a little 
more^ till you perceive the Acid no longer ads upon 
h. Then decant the liquor, and let it ftand qufct 
in a cool place. In a fliort time great numbers of 
betftttifijl blue cryftals will fhoot in it. Thefe cryf- 
tah are called Vitriol of Copper^ or Blue Vitriol. They 
diffolvc eafily in Water. 

OBSERVATIONS. 
T'me Vitriolic Acid perfe<Jkly diffolves Copper, 
which is alfo foluble in all the Acids, and even ia 
many other menftruums. 

This Acid may be feparated from the Copper 
Which it hath diffblvcd by diftilktion only : but the 
operation requires a fire of the utmoft violence. 
The Copper remaining after it muft be fufcd 
with the blaek flux, to make it appear in its nat»- 
ral form ; n^t only becaufe it ftill retains a por- 
tion of the Acid, but alfo becaufe it hath loft part 
of its phlogiftbri by being diflblved therein. The 
black flux is very well adapted both to abforb the 
Acid that remains united with the Cppp^Ft and to 
reftore the phlogifton which the metal hath loft. 

The moft ufual method of fepar^ing Copper 

from the Vitriolic Acid is by prefenting to that 

Acid a metal with which it hath a greater aflSiaty 

than with Copper. Iron being fo qualified is con- 

fequently very fit to bring about this feparation. 

When therefore plates of Iron well cleaned are laid 

/m a fclution of Blue Vitriol, the Acid foon begins 

^'to aft upon tliem, aad by degreers, as it diflTolvcs 

' them, depofites On their furfaccs a quantity of Cop- 

* per in proporcion to the quantity of Iron it takes 

up. The Copper thus precipitated hath the appca- 

/ranee of fmall -leaves or fcales, exceeding thin, aiid 

of a beautifur copper-colour. Xare muft be taken 

to 
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to fliake the Iron-plates now and then, to make the 
iiales of Copper fall off, which will otherwife cover 
them entirely, hinder the vitriolic Acid from at- 
tacking the Iron, and fo put a [top to the precipi- 
tation of the remaning Copper. 

When thefe fcales ot Copper ceafe to fettle on the 
clean Iron plates, you may be fure all the Copper 
that was in the liquor is precipitated, and that this 
litpaor, which was a (blutlon of Copper before the 
precipitation, is a folution of Iron after it. So that 
here two operations are performed at one and the 
fame time •, to wit, the precipitation of the Copper, 
and the diflblution of the Iron. 

The Copper thus precij^tated requires o^iy to be 
fcparated from the liquor by filtration, and melted 
with a little black Bux^ to become very fine qial- 
leable Copper. 

The Copper may alfo be precipitated out of a 
folution of BJue Vitriol by the interpofition of a Fixed 
Alkali. This precipitate is of a greenilh blue co- 
lour, and requires a mpch greater quantity of the 
black flux to reduce it. 

Copper diffolves in the Nitrous Acjd, in the Mv 
rine Acid, and in A^ua Regis ; from all of which it 
may be feparated by the fame methods as are here 
ordered with regard to the Vitriolic Ac(d, 
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CHAP. IV. 
Of Iron, 
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PROCESS I, 

To feparate Iron from its Ore. 

POUND into a coarfo powder the martial 
floncs or earths out of which-you defign to «- 
trad the Iron : roaft this powder in a teft under x\\t 
muffle for fome minutes, and let your fire be briflc. 
Then let it cool, beat it very fine, and roaft it a 
fecond time, keeping it under the muffle till it emit; 
no more fmell. 

Then mix with this powder a flux compofed 
of three parts of Nitre fixed with Tartar, one part 
of fufile glafs, and half a part of Borax and cha.r- 
cpal'duft. The dofe of this reducing flux muft be 
thrice the weight of the ore. 

Put this mixture into a good crucible \ cover it 
with about half a finger thick of Sea- fait ; over the 
crucible put its cover, and lute it on with Windfor- 
loam made into a parte with water. Having thus 
prepared your crucible,' fet it in a melting furnace, 
which you muft fill up with charcoal. Light the 
fire, and let , it kindle by gentle degrees, till the 
crucible become red-hot. When the decrepitation 
of the fea-falt is over, raife your fire to the higheft 
by the blaft of a pair of perpetual bellows, or rather 
Icveral. Keep up this intenfe degree of heat for 
three quarters of an hour, or a whole hour, ta- 
king care ch;it during all this time the furnace be 

kept 



Practice of Cuymistry. 359 

kept conftantly filling up with frefii coals as the for-' 
mcr confume. Then take your crucible out of the fur- 
nace ; ftrike the pavement on which you fet it fcve- 
ral t^mcs. with a hanamer, and let it ftand to cool :' 
break it, and you will find thei-ein a Regulus of Iron 
covered with flag. 

r . • I 

OBSERVAtTONS. 

Iron ore, like all others, requires roaftrng, to fe- 
parate from it, as much as poJTible, thq volatile mi- 
nerals. Sulphur and Affenic, which being mixed' 
with the Iron would render it unmalleable. Indeed 
it is fo much the more neceflary to roaft thefe 
ores, as Iron is, of all mct^lic fubftances, that which 
has the greateft affinity with thofe volatile minerals 5 
on which account no metallic fufaftance whatever 
is capable of feparating it from them by fufion and 
precipitation. , " 

Fixed Alkalis, it is' true, have a greater affinity 
than Iron with Sulphur; but then the comppfitior^ 
which a Fixed Alkali forms with Sulphur is capable 
of diflblving all metals. Confequently, if you d6 
not diffipate the Sulphur by roafting, but attempt 
to feparate it from the Iron by melting the ore with 
a Fixed Alkali, the *Liver of Sulphur formed in the 
operation will difTolve the martial part ; fo that af- 
ter the fufion you will find little or no Regulus. 

All Iron ores in general are rcfradibry, and lefs fu- 
fible than any other; for which reaibn a much 
greater proportion of fiux, and a much more violent 
degree of fire, is required to fmelt tliem. One prin- 
cipal caufe why thefe ores are ib rcfraftory is the 
property which Iron itfelf has of being extremely 
difficiilt to fufe, and of refifting the aftion of the 
fire fo much the more as it is purer, and further 
removed from its mineral ftate. Among all the 
metallic fubftances it is the only one that is 
lefs fufiblc when combined with that portion of 

A a 4 phlo- 
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pblogiftcm which gives it the metalline form, than 
when it is deprived theftoff and in the form of a 

calx* 

. In fmelting hoyfes Iron ore 19 fufed amidil diar- 
coal, the phlogiflon of which combines with thp 
martial earth, and gives it the metalline form. 
The Iron thqs melted runs down to the bottom of 
the furnace, froip whence it is let out 4nto lafgc 
moulds, in which it takes the Ibape of obloiig block^, 
called Figs of Iron. This Iron is ftili very impure, 
and quite unmalleahle. Its want of du6lility 
^er fhe firit melting arifes partly frqxi hence, 
that, notwithilanding the previous roafting which 
the ore underwent, there ftill remains, after this firft 
fufion> a confiderable quantity of Sulphur or Arienic 
combined with the metal. 

A certain quantity of quick* lime, or of ftones tha( 
will burn to liine, is frequently mixed with Iron 
pre on putting if into the fmelting furnace. Thc$ 
)ime being an abforbent earth, very apt to uiute 
with Sulphur and Arienic, is of ufe tp feparate thofe 
minerals from the Iron. 

It is alfo of ufc to mix fonv fuch matters with 
the ore, when the (tones or earths which naturally 
accompany it arc very fufible ; for, as the Iron, is 
of difBcuIt fufipn, it may happen that the earthy 
matters mixed with the Iron fhall melt ^^e^y as 
the metal, or perhaps more eafily. In- fuch: a cafe 
^here is no feparation of the earthy from the. metal- 
line p^rt, both of which melt and precipitate toge- 
ther prqmifcuouny : now quick-lime, being^xtmme- 
ly rcfraiftory, ferves on this ppcafipn to check the 
pieking of thoi^ matters which are top fvifible. .. 

Yet qiiick-lime, notwithftandiiig its . ref r«3x>ry 
, quality, may fometimes be pf ufe as a flupc for Irpn : 
this is the cafe when the pre happens. to be conskbuied 
- with fubftanccs which, being united withJim©, Rea- 
der it fufible : fuch are all arienical matters* and even 

fom^ 



Practice 0/ Chymistrv. '^361 

fame earthy matters^ which being combined with 
quick-lime make a fufible compound. 

When the ore of an Iron mine is found difficult 
to reduce, it is ufually negle^ed even tho\lgh it be 
rich; becaufe Iron being very common, people chufe 
to work thofe mines only whole ores arc fmeltod 
with the moft eafe, and require the leaft confump^ 
tion of wood. 

' Yet rcfradory ores are not to be altogether re- 
jedfced, when another Iron ore pf a different quality 
u found near them. For ic often hajipens that two 
feveral Iron ores, which being worked feparateljr 
are very difficult to manage, and yidd at laft but 
'bad Iron, becoipe very tradtable, and yield excellent 
Iron, when fmelted together : and accordingly dkih 
mixtures are often made at Iron-works. 

The Iron obtained from ores by the firft. fti- 
iion may be divided into two forts. The one, 
when cdd, reflfts the hammer, doth not eafify 
\bteak, and is in fome meafure exteniible on the 
anvil 5 but if ftruck with a^ hiammer when red- 
hot flies into many pieces : this fort of Iron hath al- 
ways a mixture of Sulphur in it. The other fort, 
' on the contrary, is brittle when cold, but fomewhat 
duAilc. when red-hot. This iron is not fulphurated, 
is naturally of a good quality, and its brittlenels 
' ariies from its nnetalline paits not being fufficiently 
compared tjogcthcr. 

Iron abotmds fo much, and is fo univer&Uy dif- 

iufed thtmigh the earth, that it is difficult to find 

' a body in which there is none at all : and this hath 

icA fevenal Chy mifts, even men of great fame, 

into the error of thinking chat they had transmuted 

'invoilfoniev^eFal forts :of earths in which they fuf- 

'> pe£ted n^dlron, by combining them with an inflam- 

'ipiMt maeitr; whereas, in fad, all they did was to 

/give che- mctaliine fi>rm to a true martial earth which 

^ )iappened to tie- mixtcl with ot^ earths. 

PRO. 
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PROGESS II. 

4 

To render Pig-iron and brittle Iron malleable. 

IN T O an earthen v^l widening upwards put 
fome charcoal-duft, and thereon lay. the Pig- 
iron which you propofe to render dudile ; cover it 
all over with a quantity of charcoal % excite the fire 
violently with a pair, oc more, of perpetual bellows 
till the Iron melt. If it do not readily flow and 
form a great deal of flag on its.furface, add iome flux, 
fiuph as a very fuHble fand. * 

When the matter is in fufipn keep ftirring it from 
time to time, that all tbepartsthemof may be equal- 
ly aited on by the air and the fire^ On the furface 
of the melted lronfiori4e will be formedt .wtiith muft 
be taken off as they appear, At the fame time y w 
will fee a great many Sparkles darted up from the fur* 
ftce of the metal, whieh will form a. foct pf fiery 
ihpwer. By degrees, as thelrongrows pumr, the num- 
ber of thefe fparkles diminifties, chough they never 
vaiiilh emirely. When *but few fparffclcs app^u^, 
remove, the coals which cover the Iron, and let the 
flag r^m out of the vefiel; whereupon the metal 
wiU grpw folid in a moment. Take it'X>uc while it 
]s ftiU red-hoc, and give at a few fbokes wtith a ham.*- 
mer, to try if it be duftile. If it be not yet naih- 
aUe, repeat the operation a fecond timevdn tht fame 
manner as before. IJaftly, when ift is diiSB fuffid- 
ently purified by the fire, work it for a longtime 
on the anvil, extending it different ways^ wd mak- 
ing it red-hot as o&en as there is vocoafionb 1 Iron^ 
thus-l^ought to the ncceSary degtte;cf du<9ttHiyv ^fo ' 
as to yield ta the hammer^ andifu&r. itfetf: to be 
extended every way, either hot on csld^ without 
breaking to bits, or evencrackingict tiie-leaft^»is*' 
very good and very pure, if it cannot be brought 

to 
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to this d^ree by the method here prefcribed, it 
is a proof that the ore from which this Iron was* 
extradied ought to be mixed with other ores ; but it 
frequently requires a great numbec of trials to ob- 
tain an exaft knowledge of the quality and pro- 
portion of thofe other ores with which it is to be 

fnixed« 

' OB^ ERVAriONS.' 

Th? brittlenefs and Ihortnefs of Pig-iron arifet 
froni jhe heterogeneous parts which it contains, and 
which could not be feparatcd from it by the firft fu* 
fipn. Thefe extraneous matters are xifually Sulphur, 
Arfenic, an unmetallic earth, and alfo a ferruginous' 
earth ; but fuch as could not be combined with the 
phlogifton as it ought to be, in" order to have the 
properties of a metal, and rhuft therefore be confi- 
dered as heterogeneous with.relpeft to the other 
well conditioned martial particles. 

The Pig-iron, by undergoing repeated fufiohs, li 
freed from thefe heterogeneous matters -, thofe whidi 
are volatile^ fuch as Sulphur and Arfenic, being diP 
(ipated, and the unmetellic matters being fcorified* 
As to the ferruginous earth which did not at firft ac- 
quire the metalline form, it becomes true Iron at laft ; 
pecaufe, among the coals with which it is encom- 
I>^i&d» it meets with a fufficient quantity of phlo- 
giftoQ to reduce it to metal. Charcoal is alfo ne- 
cef&ry on this occafion, that it may continually fuf- 
nilh phlogifion to the Iron, which wpuld otherways 
be converted into a calx. 

Hammering the red-hot Iron, after each fu-* 
t, Terves to'&rceouc from amongft the martial 
pacts fuck eardiy -matters as may happen to remaia 
there, : and fo to bring into dofer contadl the me- 
taUtue fMirts whieh were feparated before by the in^ 
trrpofitmi of thoie heterc^neous matters. 

PRO- 
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PROCESS liL 

< 

^0 convert Iron inio Steel. 

TAKE fmall bars of the beft Iron ; that is, 
of fuch as is malleable both hot and cold i 
Ski them on their ends in a cylindrical earthen vef- 
|el, whofe depth is equal to the length of the bars, 
and in fuch a manner that they may be an inch di* 
ftant from each other, and from the fides of the cru- 
mble. Fill the veifel with a cement compounded of 
iyro parts of charcoal, one partof bones burnt in 
a dofe veffel till they become very black, and one 
half part of the aJhes of green wood; having firft 
pulverized and thoroughly mixed the whole together. 
Take care to lift up the Iron bars a little, to the end 
0iat the cement may cover the bottom of the veffel, 
tod fo that there be about the depth of half an inch 
thereof under every bar : cover the crucible and 
Jute on the cover. 

Set the crucible thus prepared in' a furnace, fo 
contrived that the crucible may be furrourtded With 
coals from top to bottom : for eight or ten hours 
keep up fuch a degree of fire that the veflel may be 
moderately red ; after this take it out of the fur- 
pace i plunge your little Iron bars into cold wateF, 
^d you will find then) converted into SteeU 

' ■ . • « 

OBSERVANT IQNS: 

* The principal difference between Iron and 3tcol 
^confifts in this, that the latter is combined with 91 
greater quantity of phlogifton than- the formen 

•It appears by this experiment that, to make 
Iron unite with ^n inflanimable matter, it is hot ne- 

celTary 
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celTary it fhould be in fufion ; it is fufHcient that 
it be fo red-hot as to be opened and foftened by* 
the firel 

Every kind of eharcoal is fit to be an ingredi- 
ent in the compofition of the cement employed to 
make Steel, provided it contain no vitriolic Acid* 
However^ it hath been obferved that animal coals 
produce a fpeedier efFeft than others : for which rea-^ 
£>n it is proper to mix ibmething of that kind wkb 
charcoal-duft, as above dire6ted. 

The following figns fhcw that the opcradon 
hath Succeeded, and that the Iron is changed intx;^ 
gpod Steel. 

This metal being quenched in cold water as pro^ 
pofed dbovcj acquires foch ah extraordinary degree 
of hardnels, that it will by no means yield to. any 
impreflionof the fiieor hammpr, and will fooner break 
in pieces than ftretch upon the anvil. And heie 
it is prdper to obierve, that the hardnefs of Steel 
varies with the manner in which it is quenched. The 
general rule is, that the hotter the Steel is when 
quenched, and the colder the water is in which yxm 
quench it, the harder it becomes. It may be de-* 
prived of the temper thus acquired, by making ic 
i«d-faot, and letting it cool flowly ; for it is thereby 
foftenedv rendered malleable, and the file will bite 
upoi\ it. For this reafon the artifans who work m 
Steel begin v^ith untempering it, that they may with 
more cafe Ihape it into the tool they, intend to make. 
They afterwards new-temper the tool when finifhed, 
and by this fecond temper the Steel recovers the 
fame degree of hardnefs it had acquired by the firft 
temper. ! ^ 

The cobur of Stoel is notrfo white as that of Iron, 
butdarker, and. the grains, facets, or fibres, which 
uppear on breaking it, are finer than chofe ohf^rved 
in-iron. 

If 
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If the bars of Iron thus cemented iii order to 
convtrt them into Steel he too duck» or. not kept 
long enough in cementation, they will not be turned 
into Steel throughout their whole thickneis : their 
Jiirfiices only will be Steel to a certain depths and 
the center will be mere Iron ; becauie the PhIo« 
^on will not have thoroughly penetrated them. 
On breaking a bar of this fort, the difierence in co- 
lour and . grain between the Steel and (he Iix>n b 
very vifible. 

. It is eafy tD deprive Steel of the fuperabundant 
^puantity of Phlo^on which conftitutes it Steel, and 
thereby reduce it to Iron. For this purpbfe it need 
only be kept red-hot forne time, oblerving that no , 
matter approach it all the while that is capable of 
lef unding to it the Phlogifton which die fins carries 
off. V The fame end is.fiiU fboner obtained by ce- 
menting it with meagre hungry matters, capable' of 
abforbing the Phlogifton ; fuch as bones calcined to 
whitenefs, and cretaceous earths»i 

Steel may alio be made by fufion ; or Pig-iron 
may be converted into StceL For this purpofe the 
iame method mud be employed as was above dii!t(5led 
for reducing Pig-iron into malleable Ircm ; with this 
diflference, that, as Steel requires more Phlo^fton 
than is neceflary to Iron, all. the zneans muft be made 
ufe of that are capable of introducing into the Iron a 
great deal of Phlogifton •, fuch as melting but a imaa 
quantity of Iron at a time, and keepuig it conftantly 
encompailed with abundance of charcoal ; re^iterat- 
Ing the fufions ; taking care that the blaft of the 
bellows dire&ed along the furface of the metal do 
not remove the coals that cover it, &c. And here 
it muft be obferved, that there are fome forts of 
jPig-iron which it is very difficult to convert into 
JSteel.hy this method, and that there are others 
which fucceed very readily, and with fcarce any trou- 
ble at all. The ores which yield the laft mentioned * 

fort 
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fort of Pig-iron -are called Steel Ores. Steel made 
by this means muft be tempered in the fame manner 
as that miade by cementation *. 



PROCESS IV. 

V ^Jbe Cakimtim of Iron. Sundry Saffrons of Mdrs. 

IAKE filings of Iron, what quantity yoa 
pleafc J put them into a broad unglazed,earthen 
, fct under the mufile of a cupelling furnace : 
make . it red-hot j ftir the filings frequently ; and 
keep up the fame degree qf fire till the Iron be whol- 
ly turned into a red powder.' 

OBSERVATIONS. 
\ Iron eaGly Tofes its phlbgifton by the affion of 
fire. The calx that remains after its calcination is 
exceeding red % which makes this be thought the na- 
tural colour of the earth of that metal. It hath 
accordingly been obferved that all the earths and 
ftones, which either are naturally red, or acquire 
that colour by calcination, are ferruginous. 

The yellowifli red colour which every calx of 
Iron hath, in whatever manner it be prepared, hath 
procured the name of Crocus or Saffron to every 
preparation of this kind. That made in the man-* 
ner above direfted is called in Medicine Crocus Mar^ 
tis ajiringens. 

The ruft produced on the furface of Iron is a , 
fort of calx of Iron made by the way of diflblutioh. 

* Mr. Reaamor ha^ obliged the publick with a treatile cii 
the means of conyerting Iron into. Steel, in which he hath ex- 
haufted the fubjedt. Such as deiire the amplefl and moil aieful 
inilru£tions, on that part of xnetallurgyy would do well to conTult 
his Work^ 

The 
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The moifture of the air a£ts upon the metal, diflolve^ 
ity and robs it of fome of its>pi|Io^fkin. This ruft 
IS called in Medidme Qrocus Mortis Aperiens*^ he* 
caufc it is thought that the ikline parts, by mcan^ 
whereof the humidity diflblves the Iron, remain^ 
united with the metal after its diflblution, apd ^ver 
it an aperitive virtue. The Apothecaries prepare this 
fcrt or Saffrotf of Mars by expofihg Iron fflings to 
the (few till they be turned entirely to ruft ; which is 
then called Saffron of Mars by dew. 

Another Saffron of Mars is alfo orepired in a 
much Ihorter manner, '"by mixing nlings of Iron 
with pulverized Sulphur and moiftenlng the mixture, 
which after fome time ferments arid grows hot. It 
is then fct on the fire ; the Sulphur burns away, ' 
and the mafs is kept ftirring till it become a red 
matter. This Saffron is nothing but Iron diflblved 
by the Acid of Sulphur, which is known to be of 
the fame nature with that of Vitripl ; and confequent- 
ly this Saffron of Mars is no way different from Vt* 
triol calcined to rednels. 
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PROCESS V. 

• Iron diffohed by the mineral Acids. 

PU T any mineral Acid whatever into a m^* 
tr.a& with fome water •, fet the piatrafs on % 
fimd-bath gently heated i drop into the veflel fome 
filings of Iron : the phenomena which ufually aC- 
coBQgany metalline diflolutions will immediately ap- 
pear.* Add more filings," till you oBferve the Acid 
hath lofl all fenfible a£lK)n upon thcip : then remove 
your matrafs from the fand-bath 5 you will find in ic 
a folution of Iron. 
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OBSERVATIONS. 

I^oK id very eafily diflbltcd by atl die Adds, if 
you make ufe of th^ Vitriolic Acid, care tnuft be 
taken to weaken it with water in cafe it be concen-- 
trated *, becauie the diUbiution will lucceed the bet- 
ter. The vapours that rife on this occaflon are in- 
flammable ; and if a lighted paper be held to the 
mouth of the matrafs^ efpecially after keeping it 
ftopt for Ibme time and ihaking the whole gently, 
the fulphureous vapours take fire with fuch i^a|ridjty 
as to produce a confiderablc explofion \ which is 
Ibmetimes ftrong enough to buril the veCTel into a 
thoufand pieces. This iblution hath a green colour, 
and is in &6i: a fluid Green Vitriol, which wants no- 
thing but reft to make it flioot into cryftals. 

Ifyou make ufe of the Nitrous Acid, you muft 
Ceafe adding more filings when the liquor, after 
ftanding ftill fome moments, becomes turbid ; for, 
when this Acid is impregnated with Iron to a cer- 
tain degree, it lets fall iome of that which it had 
dilfolved, and becomes capable of taking up frefli 
filings. Thus by cohftantly adding new fupplies of 
Iron, this Acid may be made to diflblve a much 
greater quantity thereof than is neceflary to faturate 
it entirely. This iblution is of a rufiet colour, and 
doth not cryftallize. 

If the weather be not extremely cold, and th» 
Adds have a proper degree of ftrerigth, thb ;£uid- 
bath is unneceflary, as the diflblution will fitccced 
very well without it. ^ ... 

Iron diffolved by Acids may be feparated there- 
from, like all other metallic fubftances in the lame 
circumftances, either by the aftipn of fire, which cat- 
-Ties off the Acid and leaves the Martial earth, or 
by the interpofition of fubflances which have a greater 
affinity than metallic fubftances have with Acids; 
that is, by Abforbent Earths and Alkaline Salts,. By 

B b what- 



370 EtEMfiKT8gf/iBe 

whatever means you feparate Iron from an Acid (of* 
vent, it conftantly appears, after the feparation, itl 
the forin'of a ycllowifti red powder ; becaufe it is 
dicn deprived of moft of the phlogifton to which it 
owed its metalline form : > whence it i$ reafbndb/e to 
•think that this is the proper colour of Martialcarth. 
: All thefe precipitates of Iron are true Saffrons oF 
Mars, whichi as well as thof^ prepared by caldna- ' 
tion, ^ arc lb much the further removed from the 
raturp of a metal, the more they are deprived of 
their phlogifton. Thence it comes that they are 
more or lefs ibluble by Acids, and more or lefs at- 
traded by the mao;net : as no ferruginous earth, pcF- 
fe£dy deprived of all inflammable matter, is at all 
attra^d by the magnet, or icJuble by Acids. 



mim 



CHAP. V. 

0/TiN. 







P R O C E S S I. i 

To e)i trail Tin from its Ore. * 

R E A K ypur Tia ore into a coarfe fowde^ 
atid by wafhihg carefully feparate from it all 

heterogeneous matters and ores of a diffeicht 
kind that may be mixed therewith. Then dry.itj 
and roaft it in a ftrong degree of fire, till no xiiore 
Arfenical vapour riit from it. When die otc. is 
roafted^ reduce it to a fix% powder, and n>ix it tho^ 
roughly with twice its weight of the black flux wcH 
dried, a fourth part of its weight of cleaalran filing)^ 
together with as much borax and pitch.: put the 
mixture into, a crucible ^ 40ver all put.Sea-£ilttd Ae 
. '^ ... thick- 
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thifjfwfe rof . four fingers, and cover thq crucible 

$et the jcrucible thus prepared in a melting fur- 
nace^ apply at firft a moderate and flow degree of 
fij^ tiir the flame of the pitch, which will efcapc 
th|t)ugh the joint of the cover, diif2q)pear entirely. 
Then, fuddenly raife your fire, and urge ft with ra- 
pidity to the d^ee necefl^ry for melting the whole 
mixture. A9 ipon as the whole is in fufltm take the . 
crucible .QUti of theiurnai:e, and feparate the Regulus 
from the fcoria. 

; OBSEHVATJONS. 

All Tin ores contain a conflderable quaiitity of 
Arlenic, and no Sulphur ^t all, or at moft very little. 
Hence it comes that, dbough Tin be the lightefl: of 
all metals, its ore is ncverthelefs much heavier than 
any other; Arfenic being much heavier rfian Sulphur, 
of which the ores of every other kind always contain 
a pretty large proportion. This ore is moreover very 
hard, and is not brought to a fine powder with ip 
much eale as the refl:. 

Tbcfe pmperties of Tin ore furni& ug with the 
means of feparating it eafily by lotion, not only 
from earthy and ftony parts, but even frgm the other 
ores which may be mixed with it. And this is of 
the greater advantage on two accounts, yiz. becaufe 
Tin ^aimot endure, without the ddlrudtion of agseat 
pKt. ^rcof, liic. degree of fire necefiary to fc6^ 
riiy^theiiefetfbory matters which accompany its ore ; 
and again bdcaufe this metal unites 6> eafily with Irois 
and Copper, the ores, of which are pretty commojoly 
blended l7ith T^i ore, that after the rediM^tion it 
wonld bt found adukerated widi a mixture of thefe 
liwo metalsv if they were not iepiurated from it be*^ 
^e the fofion. 

rBocJomctitnes the Iron ore confounded with that 
o£ Tiniia vtcy heavy, and is not eafily pulverized \ 

B b 2 whence 
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whence it comes to pais that it caimoc be feparattd 
therefrom hy waflung only. In chat cafe the vsa%f 
net muft be employed co ftparate it, alter the oit 
hath been roafted. 

Reading i% mcmover neceffiuy for Tfai ofe, ta 
Older to dURpatt the Arfenic which volatilostfii cai* 
ciBCs^ or deftioys one part <tf the Tirf, and reduces 
the reft toa fliort, britde fubfiance, lUie a Saek^witoL 
The ore is known to be fuflkienriy foafted when.no 
more ivnes riie fipm it^ when it hte loft tbe fmdt 
of garlicky and when it does not ^itoa a ckan plus 
of Iron held over it. 

Tin being one of chofir metals whidi are tnoft ea- 
fily calcined, \t is neceflBMry in reducing tts ore to 
employ f^ matters as may fiiroih it with {dil(^f- 
too. In Ordff fo defend it ftom the contaft of the 
air, which nj^saGcdeFStts the cidcinatioa <^fns- 
t^ic fubftanceSt the mixture is to beicowesxi mdi 
Sea-falt ; and the addition of pitch hflpt tor^ireaib 
the quanuty of pblogiftofi. 
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, PROCESS n.- , . ,., ,.,,, 

tbe .Calfinaim, of Tin. ^.^ c.l.Vj.-? 

IN T O an unvjMrnilhcd ca«bcft/di(h;pi«.ttet|daa- 
tity of Tin ypu v^ttt^ to caldineo bxvdc st^. and 
keep ftirring it from time to time* udhiiiurface'^i 
b^ covert with a greyifli wbiflQ pow<ter.n cotrtinue 
the calcination till aU your Tin be coav^rttfd imo fiich 
apowdqr,! which is tbo Calx af^in. v . , « 

;, ... dJBiSERF^rid^.N^.- y,/-' 

. T KO U'O w the cakinaiion of metalline ^obftances 

b pibmoted iay e^i^ring tifrm, in powder, orrinrfUor 

ings, to tbe a^on of^fire, and by ordotingiti^hat 

Lthey may . lioc; naflt, htmik they preiitot .^-flnich 

(mailer Hirface.vhen melted than when unmdtod ; 

. r ' ; . ^ yet 
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yet waiiave not direfted this precautton to W ufed . 
ift caldflttrtg Tin. The reiifbti is, this iiidtal is fo 
fiiiible that it cannot endure the degree of ftire* reqiii- 
fite to;' deftroy Its phlogifton without midling ji and 
<tf coarfe, though Tin caldncs e^Iy, Ae opetartion 
TWsttld.mwithefcfs be tadioun^ becaulfe the mfilBed 
metfi) i^vwld prefent but a fin^ ibrfa^ to be afbed 
on by tfaeiireand the am This mconv^nience may 
be paftly Remedied, and the opemiott gteatlf expe- 
4fCed,^by *vid!ngthe< quantity of Tin to be calcined 
into feveral fmall parcels, and eiBpofing them to the 
fire in feparacft? refleis, fo tlfSt^ th^ihay not re-unite 
when meliBd,« and form one fingle mafs. ^^^ 

Lciaf Tin caft on Nitre In actual fufion C^uie^ ft 
to deflagrate and Mminate ; and from this^ ^ixttire 
there riifes a white vapoufi which is conceited IntQ 
flowers .when it meets with any obft^cle to impede 
its fiymg off entirely. ' ' 

Mr Geofiroy, who went through a couHe of ex- 
periments on Tin, an account whereof may be feeri 
in tlie Memoirs of the Academy of Sciences, found 
that from the colour of the calx of that metal a judgr 
ment may be formed of its degree of purity, and 
nearly of the quantity and quality of the metallic 
fubftances with which it is alloyed. The experir 
ments tried on this fubjed: by that eminent Chymiit 
are very curious. 

He performed the calcinatbn in a crucible, which 
he heated to a cherry-red, and kept up the fame de- 
gree of fire from the beginning to the end of the o- 
peration. The calx ]jhich formed upon his metal, 
m that degree of heat, appeared like fmall whhe fcales, 
a lirtli^ reddifh on^ the under fide. He pufhcd it to 
« one fide 'as it formed, to the end that it might not 
cover the fbrface of the metal, which, like all o- 
thersi reqtrires the contaft of the air to turn it into 
a calst** 

Bb3 •!Whac 
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^' WbUe he was pnaking tihefe calcinauoni^ b^ had 
<^ an opportunity of ohferving a curioos ia^ of 
^^ which no body befort bin) had ev^, taken nodce i 
*< probaUy becaufe no body had ever cakiijcd Tin 
^^ by the fame method. The fad i$^ that during* 
** the calcination of the Titt, whether you bteak thi^ 
*^ pellicle which forms on the furfw ^f thfi.tnetal 
*^ while in red-hot fuHony or whether yjOi) lee it re-- ' 
*^ main without touching it, you perceire Uk Several 
*< places a imall fwell of a certain ip^ter whiqh burils 
'^ and makes its way through the pellicku This 
^* matter ppfis yp, grows red, at the fame in£Unt 
*' takes fire» and darts out a fmall whiciflv flamie, 
«< as vivid and as brilliant as that of Zinc when 
<< urg^d by a fire ftrong enough to fublime it into 
^^ . liowers. The vividnefs of this flame may be fur* 
^^ ther compared to that of feveral fmall grains of 
*' phofphorus of urine fired and gently dropped aa 
•' boilii^ water. From this bright flame a white 
*• vapour exhales i afi:er which the fwclled fnals 
*^ partly crumbles down, and turns to a l^ght white 
•* powder, fometimes fpotted with red, according 
" to the force of the fire. After this nfiomcntary 
^^ ignition, th^re aiife ftronger, more nuinemus, or 
*• more frequent heavings of matter, 9yt of which 
^\ ifiues a good deal of wnite fume, that may be inr 
** tercepted by a cover of tin-plate Of copp^ fitted 
*' to th^ crucible, and appears to be the^^ flowers of 
'^ Tin, which in fome meafure corrode thefe metals, 
^* Hence Mr. GeqAfroy conjedures, with a great deal 
** of probability, that their fublim^tion is promoted 
^* by a portion of Atfenic. When the cruft formed 
«* by this calx comps to be too tliick, or irx too great 
^< a qpaptity, to be pulhed pn one fide fo as ^p^^av^ 
" part of the metal uncovered, Mr- Geo^oy pudt9 
*• out the fire, becaufe no more calx would he form* 
f « ed ; the communication of the exterhajl air witji 
♦^ the Tin in fufipR being ab]S?lutely neceffary there- 
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** to, as hath been already faid. In this operatk)n 
•^"ft isife bci obferved that, if the fire be too flow, 
*^ neither the inflammation of the fulphureoiis parti- 
** cles, nor the white fiimes that rift, will bfe fo dif^ 
** tindlly perceived, as when the fire is of the de- 
*^^ grec rcquifite to keep the crucible juft of a chcr- 
** ry-red heat. 

** Mr. Geoffroy having taken ofF this firft calx 
*' began the calcination anew. In this fecond hfeat 
** the buddings or heavkigs were more confiderable, 
** and (hot up in the form erf cauli-flbwers ; but \*erc 
^* ftill. compofed of litde fcales. The thoroughly cal-' 
** ciricd portion of this vegetation was iikewiie White 
** and red ; and the inferiour furfaces of Ibme little 
♦^ bits thereof were wholly red. When thefecalci- 
^^ nadons are continued, fulphureous v^pouis rile 
** fecmmgly of another kind than thofe which ap- 
^* peared in the beginning ; for all the calx made 
** by the firft heat was petfeftly white ; whereas in 
*' the fecond it begins to be fpotted here and there 
** with a tinge of black. Mr. GeofFroy was obliged 
" to go through a courfe of twelve fevesal calcina- 
*« tions before he could convert two ounces of Tin 
** into a calxi He had the opportunity; during 
♦« thefe feveral calcin^ions, to obferve tMat «fter 
'' the fourth, and fometimes after the third, the 
^* red Ipots of the calx decreafe, and the black 
^* increafe;. that the germinations ccafe; that the 
-** criift of the calx remains flat; that in the twelfth 
" fire the'TiA yields no more of this fcaly cruft; 
«' that towards the end the tindulations of the fiifed 
♦* metal appear ho longei- ; and that the fmall re* 
** mairider of calx is mixed with feveral very minute 
"*^ grains of metal, which feem much harder than 
" TJh.': Mr. Geoffroy could not collcfl a fufiicient 
^'iqu^qtity thereof to cupel them, and farisfyhim- 
** ielf whcAcr or no they were SUvcr/* 

Bb4 Though 
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Though Tin, and all the i n ipe i feft metals in gie* 
ncral, &em coitverted to a calx, and lofe the me- 
talline form, by one fmgle calcination, and that a 
flight one i yet they are not VhoUy dfepiiircd of thrir 
phloeifton : for if the cahr of Tin, for inftaocc, pre- 
pared according to the ptocefi above delivered, l^e 
caft upon Nitre in fnfion^ it will make that fait 
deflag^^ate very perceptibly ; a convincing proof that 
it i^l contains much inflammable matter. If there* 
fore a calx be required abfohitdy free ftom phlogif- 
ton, thb firft calx muft be re*cakined by a more 
vioknt fire, and the calcination continued tUl alt 
the |dilog|fton be diflSpated. 

•' Mr. Geoflfroy, beinc defirous of having his calx 
•« of Tin very pure anoperfedfly calcined, expofed 
** once more to the adion of fire the twchre portions 
** of calx obtained by bis former calcinations, fiu^ 
^* as it would have been too tedious to re-calcine thcni 
** all fcparately, he made four parcclr of the whole, 
each confifting of three taken according to the or- 
der in which they were firft calcined i wd gave to 
each a fire fufiiciently ftrong, and long enough con* 
tinued, to calcine them as thoroughly as was pof^ 
** flible. After this fecond calcination he found tbeni 
^' all of a moft beautiful white, except the firft par- 
'* eel : as that confifted of the portions obtained by 
♦' the three firft heats, in all of which there were fcales 
tinged with red, it ftill retained a ftainof carnation^ 
thoueh hardly perceptible. Agreeably to the gc- 
** ncralrule, the two ounces of Tin gained in weight 
*« by being thus calcined; and the increafe was two 
^« drams and fifty feven grains. 

*' Mr. Geoffroy obferves that no Tin, but what 
^* is abfolutely pure, will yield a perfcftly white 
*' calx. He calcined in this manner feveral other 
** parcels of Tin that were impure and vadouflyal- 
*• loyed ; each of which produced a calx differendy 
. ^« coloured, according Cp the* nature ?nd quantity of 

^ itt 



cc 
<c 
cc 

4c 



CI 



Practice of CfiYmiirRY. ^yf 

** Its alloy r ixrhence he juftfy concluderthat calci- 
^ nation is a very good method of ttying ihe' flne- 
*' nefe of TiiVi or its degree of parlt^.'^ The parti^* 
culars of Mr. Geoffroy's experiments oh tHilufc^^, 
which arc*' very curious, may be fceh iri the WfcndidSfw 
of the- Academy for 1738. o 

It ii ptepisr to take noticethat ^ mdnlhotaid be 

very cautious hoW he csqxjfes t»miHf 10 the wpbuit 

of Tin, beiaafe thfey zrt dangefdirs ; thte meta! b&- 

ingycryjoftly fufpefted by Chymifc of $Ontainin|f 

.fon^thing Arfenical. '^ . - ; ^^,^^ 
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, PROCESS in. t ,. 

The i^ff&lMtim of Tin by Adds. The Sm^pig "iqtidr 
. \ . ^libavius. '^ 

PU T into, a glafs vejQTel what quantity you plcafe 
of fine Tin cut into little bits. Pour on it thrice 
^s nmch Aqua Regis^ compounded of two i^ixX!^Aqui 
Fbrtis weakened with ariequal quantity of very pure 
water, and one p^rt Spirit of Salt. An ebiillition 
willarife, and the Tin will be very rapidly dlflbl^red j 
clpeclally if the quantities of metal and of J^m Re- 
^/ be cohfiderable. 

V OBSERVATIONS. 

, ' ■ ' ' ' ■ 

Ti N Is foluble by all the Acids 5 but Aqua Regis dif- 
(blws it belt of any. Yet in this diflblution it come? 
to pafs that part of the diffolved Tin precipitates plF 
Its own accord to the bottom of the veflel, in tlie form 
of a white powder. This folution of Tfn is very 
lit' for preps^ring the purple-coloured precipitate of 
Gold.. Fo^ this purpofe the folution of Tin muft 
be let fall, drop by drop, into a folution of Gold. 
Spirit of Nitre diflblves Tin nearly as Aqua Regis 
does i but it occafibcs a greater quantity of calx. 

' ' ' If 
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If two or three parts of Oil of Vitriol be poured 
on one part of Tin, and if the veflH in which the 
mixture is m9de be expofed to fuch a degree of heat ' 
as to evaporate all the moifture, there wtU temain 
% tenacious matter (licking to the fides of theveffel. 
If water be poured on this matter, and it be then 
e;q)ored a fecond time to the fire, it will difiblve 
entirely, excepting a fmall portion of a glutinous 
iubftance, which alfo may be difiplved in frefh Oil' 
of Vitriol. 

" The Acid of Sea -fait may be cornHned with Tin 
by the following procefs. Mix peifeftly, by tritu* 
radQiL.iii ^jn^le mortar, an amalgam of two 
ounces^of -fine Tin, and two ounces and a half of 
Quickrfdver, with as much Corrofive Sublimate. 
As foon as the mixture is completed, put it into a 
glais retort, and diftill with Uie fame precautions 
as we dire6ted to be ufed in preparing concentrate 
cd and fmoking Acids. There will firft come over 
into the receiver fome drops of a limpid liquor, 
which will be foon followed by an daftic Ipirit that 
will iffue out with impetuofity. At laft fome flow- 
ers, and a falin? tenacious matter, will rife into th 
neck of the retort. Then ftop your diftillation, am 
pour into a glafs bottle the liquor you will find iri the 
receiver. This liquor continually exhales a confi-f 
derable quantity of denfe, white fumes, as long a^ \x, 
is allowed to have a free communication widi the air. 
The produdl of this diftillation is a conibination of 
the Acid of Sea-falt with Tin. As the affinity oi 
Tin with this Acid is greater than that of Mercury, 
the Acid contained in the Corrofive Sublimate quits 
the Mercury, wherewith it was united, to join the 
Tin ; which it volatilizes fo as to make it rife with it^ 
felf in a liquid form. We make ufe of the amal* 
5am of Tin with Quick-filver, becaufe we are ther?- 
)y eni*bled to mix the Cortofjv^ Syblimate ;perfeftly 
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tUe«ewith„, as tfee. fwcpcfs of tjie operation requires it^ 
IfiottW be-. 

, In this eKperiment the Tin is volatilized, and tlie* 
Acid Qi^ Scatl^U, which js exceedingly concentrated, 
flies, off incqflantly in the form of white vapours. 
'this cpmpovind is.kpowi> ii\ Cl^yjtniftry by the name 
of f he Smoking Liquor of fji^avius } ^ name derlvedl 
from its quality, and from its Inventor. Tin dif-' 
folved by Acids is eatfily feparated from them by AI- 
l(alis. Xt always precipil;ates in^ the form of a w^tQ ' 
calx, . 



9 ■> i n i - Olll I I . Ill I 



I > 1 1 7 ''* ^^ '* ^M > V w 7v »* ^^T^r^MC^^^ M55t 



^ « > '■ I ^^ 



C H A P/ VL 

cy L« A0W 



t 




■ I ,*aiii«|Mii n !■ m • ■■ ■ iiiiii ■»»■ ■ ■ ! ^^Ji^py.^ 

PROCESS L / 

' ^0 extraSl Lead frm it^ Ore. 

AV1;N,G roafted y;our Lead ore reduce it t:o i 
^ _^ fine powder; mix it with twice its weight of the 
[ack flux^ and one fourth of its weight ofclcan iron 
filings and borax j put the whole into a crucible ca- 
pable df containing at leaft thrice as much ; over all 
put Sea-ftit four fingers thick ; cover the crudble ; 
|ute the juiidure j dry the whole with a gentii heat, 
and fet It in a melting ^mace. ' * 

Make the crucible moderately rec( : you wS\ hear 
jthe Sea-falt decrepitate, and after the decrepitation i 
fmafl hifling in the crucible. Keep up the fame de- 
gree of fire till that be over. 
. Then thrpw in as many coals as are neceflary t6 
conipletc tlie operation entirely, and raife the fire 
fuddenly, fo as to bring the whole mixture into per- 
fed fuuop. Keep up this degree of fire for a quar- 



tef of an hour, which' is dme ftiffiritnfribr the pre^ 
cipiution of the Regulus. -m 

WtOen the operation is finiflied; mhkktMybe 
kno^m by the<^ietne6 of tte OMtier inMthe^rnacr^ 
Me, and by a blight vivid* fiame th^ will rife feeoi 
it, take the cnxdble outxif ^he furnaoe, and fypmtis 
the Regulus from the Icoria. 

O B S E R f'jir 10 N sJ 
' AvL Lead ore containa a good deal of Sulphur^ 
which muft be firft iieparattd from it bf loaftingt 
imd as diifc kind of ors is apt to fry when firft expoii^ 
cd4o tbe QfCfk ia proper to keep it ooveicd tifi it be 
thorooghlTi heaftd* Another pecaution to be uied^i 
in roaftkig this ore, is not to give it too gnat a heat, 
but tx> keep the veflU which contains it juft mode<^ 
rately> red i becaofe it eafily turns clammy, whidi 
ccca^ons it to ftick to the veflel. 

The Iron that is added, and mixed with the fhix, 
abforbs the Sulphur which may himpen to remain, 
even after roaftiog : it helps aMb to KmwBOst foxa the 
ij^ fome pordcMis of ^femi^metal, efpedally of An: 
timony, which are frequendy mind with tiiis ore.' 
There is no fear left the Iron mix widi the Lead 
in fuiion, and adulterate it : for thefe two metsd^ are 
incapable of contrading any .union tog^edier, when 
each has ia metalline ^rm. ^ ^ 

Nor is there any reafon to apprehend left die Iron 
fliould, by its refraftory quality ^ obftrtid thcfrifion 
- crf^ the iffisture *, for diough th» metal be not fufible 
when s^ne; yet, by the union it contrads with dte 
matters it is defigned to abforb, it beccmies fo to 
^ fuch a degree as in finne meafurc to perform, on this 
occafion, the^ office of a flux. 

The government of the fire is a point t>f great 
confequence in this operation. It is necefiary to ap- 
ply but a moderate degree of heat at firft : for, when 
the metallic earth of the' Lead, combining With the 

phlogifton. 
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ptikgifton, abquir^s the mef dilkie for m, i% {y^fi^^vi^ 
m\^iiu$^:€xet^^ greMr 

danger leil thcnuitter fhouldoY^cflow pfid)rHhim Qtf$ 
qC liiercMiBhmg^ttfiB. With^avkwiv^^fe^toa- 
iQQid tifaask imonYeinmeeii we dm^ a very )atig(^><^ru^ 
ctble ^ be ufed. ThU hsMmg: Qfjch^ LeaA:^ dtid 
ioOttitbf ii& r«i9^oni$ attended iMMh g; ftc^lUce 
tiie whiftling of .wind. . .j/. :/ .1 7 ::»:: - i 
NotwiiMaodir^ dU die precaytipns tW.cftfi |x} 
nfed to prevent die ireStuftion from taking place toqp 

im^^itr^xifini happens^cdifl^ ton ihiCvgig tJm ^m 
«nW to 'brings dK^OQiKtuGe; iiit]i(^/&fipr^ ^ U^l^ 
fisddddy hogktA a^ito^ and iftirpijr Iwdf^ - In iJm 
cafe .alL the jpertunt of n the. fumaioe mtift igfim^r 
Ittiy be flmt dde, in ofderito choak and.ifoiSieaiie 
tkor.fire: iw, if dus be.negM^ i:hQ.9«atfier ia 
the. crucible will fwell iip» make its way througk 
the ludng of the jundiMie^ najr^ :>pu4M^\the 
^suftTy and'm»0yar. Thif^acaident i$ to jb^appm- 
hemkd daring die &ft five w fir minute$ afcer yoa 
jraife che£re.w ordec to melt the niixlsire. Thil df* 
Ibfifiii. ftf die mafiGer is ai3CQsq9afld«l widi^a diii 
fiame^ an^ndc, grey andf fjKlkiw.fmokie^ .and ^jp^i^ 
iSsci thdt cf ibnierboilingiiqaet& When you ^A)&rv^ 
^Jufes fireeval phenooKna you .may be fiire^die^anAI* 
rter is .rodti^ «f theHaroc&le^.eichef in ite HHM- 
ner above defcribed, or ii;^ making im m^gidiim^ 
ibme cracks in the ve&l, ^and CQn£bqufiiif% dune tlie 
rt^radoAisj^iibiikd.' it* ; vm ' .a.: •. ^: . 

Mottovdr^xdua :eiient:iinfaHib]y iblkaMs : wbitti- 
evet <a bit.dE coalihappeas[>to. £ill inm ^ rcnidtdf $ 
iTandthkris ODC it^&xip^^^ if naceifiiFy to cover it. 
v\ lYouxnojadsp certain £hac d^ opeEation hatK fuC'* 
. ceeded if the fcoria is .£Ttd)ath jaFhea^cdy, and. bath 
^msp in^pmipdaaped throngh the lute i i£.dte Load be 
^ niDt'ditjperied in^gbbuks dmwigh the whole toiais pf 
«' the^osoter contained in the crucible, but is^ on the 

contrary^ 
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contmjf coUeOed at the ^bottom ki the fermjcif «j^ 
foM R^Ius, not very fhining, but of a blueifh icaij^ » 
and <]uSifor Moreover thd fcoria> ought» ^in the 
pitfentcitfei 00 be hard and black, and Auould noc^ 
appear, full Of holes IHce a iks9^ except ^y m-dw* , 
part whid^was contiguoua to the Saltv - . . i 

Here it k proper t0 oblcrvethat the Sea-fak dodt . 
not mix with the fcoria, but floats HfH^nit.^ ^,fiS^ 
ler the operation it Is blade ; whieh c^iow if gets, 
fiodoubc, from the charred part$ of tbe<flttic. The 
aUence of thefe figns fliews the^operatian 60 hya^e 
mifcarried^ When the ore to befineked is p^t^ , 
and refraAopy, it may be roaibd at £rft with* a 
much ftrongcr dtgree of fire than is J^kd for ofcs 
that ate fufible V tecaufe the nfiartiil earth, and the 
unmetailic earth, which are always miKid. in: pym 
fofe matters, hinder it from g^wing readily foft Iti 
the fire. . ;. : , 

Be^eS) foch an ore fequires a ^eater lyiantity q£ 
the black flux and of borax to be mixed with it, and 
a higher degree of^^flre to f^ it* 

It is generally needlefs to mix iron filiegs w|th 
this ibrt of ore; becaufe the martial. earth, with/ 
which ^yritoie matters are always accompanied, . h. 
reduced during the c^ration by the help of the b)^k . 
flux, which for thsu: purpofe is mixpd.iyidi it iti,^) 
large proportion, and furniihes a quantity of irofi 
fMfficiem to abforb die heteragenooijfi miacralsM mix- 
ed with the Lead. 

Yet, if it ibould be bbfcrved that the pyrilts 
which aecompany the Lead ose are atfenical, then, 
as Aich J pyrites contain but a fmall quantity of fer** 
rug^nous earth, iron filing muft be added ; which 
-are, on this ofrcafion; ib much the moi^e neceflary 
for slbforbing the Arfenic, as this mineral remains in 
part confounded ^th the ore, is reduced to a Regu- 
(ua during the operation, unites with the Lead, and 

deftroys 
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d^r^ t great deal of it by (Atcuting its vkrtfica- 

The Lead ^Milled from Ibch pyritofe ore» is 
coiiMdOhly liot-Vcry pure : k i^ bla<%^ and ftarce 
dtiAUei quiftties 6»mm^i€siled tR^ 
mixture! of Copper in the pj^ riveiiy which Idways cbhi^ 
tairi movek>r left thereof. W«'ikalI'dfte*vrti^d$;^lKKw 
the metBod^o£ feparattng^Lead'imm Cd|^r. 

. iLeidofe^ may alio be lednced^y ineltingit aiHkUl 
coab^ Fttf that purpofe firft ^killdb a fire^ in the ^ 
fudmi^in'4rki<ih you intend to melt youron^^^^hen 
put^aloytr ofyyur ore immediately upon the lig%ied 
cdal$« and cover it i/mh anodite layer df coals^. 
. Though the mddng fbrnace oifed fcr this' opeMf* 
tjon be capable of giving a confiderable heat, yet it 
is necei&ry further to encreafe the force of the^fite 
by. die means: t)£a good pair of perpetual bdlows^ 
which will produce an efFed like diat of a forgev Thcf 
Ofcf melts, tthe earth of the I^^ad uniteis with die phlb^ 
^^lon of thecoift) aild fo b reduced to metal, whicli 
runs through the coals, and fal& into an earthen veT- 
fel placed ai^ the bottom^ the furnace to HBCdve it. 
X^wt muft be taken to keep this veffel WeR filled 
wkh'chaitooal-duft, to theend that the I^ead maybe 
'\vt no danger ofcalona^on while it continues there ;, 
tiie chsirtoal^diift eonftantly furniflnng it with phjk>- 
^fton to prefeive its metalliiie-ftirm. 

The earthy and ibony matters diat accompki^ ^ 
ore are fcorified by this fufion, juft as they are by the 
ddier whith isperfok'tned itt ^ clofe ve^L With re- 
gard to die Sulphur and Arfenic, they areinppofed 
to have been firft accurately feparated from tiie oie 
by Foaftii%. This is the method €omi!i<^ly employ^ 
-ed for fm^ing luead ore at (he woeks. 
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PROCESS U; .-■..- 

\ ... foS/^0rati}4a4fr9^C^fpef^ ,,//, ^ . 

WITH IWQ^ttnii «nd duMHl-MklMlM A 

viog dOMMrardftftwA ttelnyk^towqadi ihRAn^paiB^ 

MV^M Jiht feflt^pot^ at dK hoilQQl, ndbe: a iMe 

gumr eooimuoicAtii^ withMmedMr ^nftMbdieifiuK 

MMifi piwBd MM tht^ fiMTOcg fgt^ aiiwte^ i wwt. 

JkM ^xsHtmkxxt thegDttrwkkw'^ie^iiift tipper 

veflel he narrawcd, by means of a faudl iran ftase 

fiX0d flcmfs it, wUle the lo^m It rpet (bit j ib as to 

Jeavt ^ very fmaU aperture in di&'lowct part of due 

saml iiificieitt.to diSdmqgc: the lidad ar k melts. 

JElry.tkt whole fey piuiig lighied:oaiB]riiMRk it. 

. Whendus afipancii^isdty^, pur yoot oiiMd nii6 

^^i^opporand Lead aaeo the xippor mfth taMk in 

ihatvrwdinrdieodierirafiii, i%hea v^ 

^ vmoA m cfaaccdaly ib as. not to eireead me:dcgMe 

jof hibat flecotfidfy ta mdt Lead. In fadi^adigmaf 

jkeat: the Ldad coatakicd in th^ MiMd «ialkiMiW mdf» 

lahd you MiLfteititmiaatusldit i ^yir^ iw tf BUttta^thc 

jjenscr ;^ an ihe. ixKtmi of lilikirit ^i<lt unite imoia 

Bfeguhis.. When indiiB degrees o#hei» fi» hmm: 

Lead flows, inerade:Ae.fiFealittle^ fo^^Ky-atalge 

^fe'ioMi.inaleraadytved. _ :;:^. .. 

! rWhaa nor more wittritii,^o<lH#fl^diei£»ead MA- 

^vkA in die lower vdfeL Mti« ic^suref again in#i 

'iroitiadle, widi^ a degree of ^fin^tlMldetit loifurilfe 

adieiadlfi codrdiiowintait a Ikde tallow or pii^, 

i^od while it tarm keep'ftirrhig Ae metal, inr <Hdir 

to reduce any part ci it dial m^ he: ^aidiMd« Ro- 

move the pellicle or thin cruft which will form on the 

iurface ; fqueeze out all the Lead it contains, and 

then put it to the mais of Copper left in the upper 

•*'--• vdSel* 
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ireflel. Check the fire« and in the fame manner 
take off a fccond ikm that will ftmn 6n the fuffate 
of the Lead. Lately, when the metal is ready to 
fiaty take off the fktn that will then appear on it. 
The Lead mnaiiiing after ^ will bb vdry pure, 
mud ftxAom M aHojr of Coppd*. 

Wk^f^atdto the Coppei* itfelf, jM wfll find k 
in diei^iperii^fleicQVeied with a thin coat of Lead: 
iuid if the Lead ipiud with it was in the ptt>portioA 
of. a §aasA or a fifth part only, and the Srt appli- 
ad was jpfRitk and flow, it will retain nearly the famt 
form after the operation chat the miMd mi& had 
befora. 

Lead frequendy remains mixed with Co|y^ 

after the reda&ion 4^ its oie, cfpectally if the ore wa^ 

pyritsfek Th0K^h:Coppepbea much more beautiful 

and moredu&ife motel than Lead^ yet the latter by 

*being attoyad with, the former is rendered eager and 

Initde. TUa bad quality is eafily difcovered by tht 

eye on Imaking it : for the furface of die broken 

pais s^)peafs all gpranukted ; whereas when it is pure 

iCiisi»aire evenly, and refembles a coiigeries of folid 

ai^g^. If the L«d:i)e alloyed with a confiderable 

•qiiaottty of Copiper,. its colour hath a yellowifh caft. 

. Qjofideiii^ the bad quaUties which Copper c^ 

munieates to Lead, it is necefiary to feparate thelb 

two ' metals ftom each other. The method abovd 

laid dowin is the fimpieft and the beft. It is found-* 

ftion two prdperws btiongiog £o Lead : the firft \% 

iliat: of being much more fuiible than Copper ; fo 

thiil m wil melt and run in a degree of heat that is 

Ddt €a|Mtbie of making the Copper even rdd-hot, 

which ;ye6 is very far from beitig able to melt it : 

. x\^ feoQiid is, that Lead, though it hath an affinity 

with Copper, and unites very perfeftly therewith^ 

yet is nctt able to diffolve it without a greater heat 

. You L C c dun 
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cban ihc deg^ baKlyiieeeffia7 tpfafeliead. Hijimrc 
it comes that Lead nwy fac melcDd ia a Cbpptri^- 
fel) provided no gKatcr degree. of heat be applkd 
than that purp^fe requires. Boc wim thefiMid i)e- 
comes fo hoc as to be red, fiinie» and boiiy' ie ill- 
iftandy begins to diffoive the Copper^ #trildBiMi- 
^m it 13 .^fiMial to ihofwQt(s of our ippeRicidM that 
a moderate d^;ree of beat:ooly fae appjnd^ 40id «o 
greater than isiequKketokeep^thBlje^JtiteiSM 

Charcoal-duft is made ta ingredient air etoe Mm- 
jM)fitioo (^ the. Vfsftb uftd on t^ QccaftDn^:m«AB' 
<P pc^enc the cakinatkm of the LouL 

The iron plate* with which the entrance.of die 
gutter within the upper veflel is nanowed, ferves to 
prevent the larger pieces of Copper^ wMch die Lead 
fDay carry, along with it, from paffing diooogh^ it 
fic^ tbem^ and allows the Lead to can vffiidknr. 

But as tbefe par^.of C<qiper majrcitiidy cfandt 
the paflage, care muft be taken^ when any faappcn 
to be A^t^ ^Temove fkxm fram the enmioe cdf dit 
gutW) aiid PV0I them back into tfat 'middlcjof tht 
velTeL U i$ .aUp jieceflary to oUenre idh^iher or M 
(be I^ad ^ifies any.^wbett in che fNiffiijge v nd^ IF it 
does» the heac.qf that pait muft he eocseaftd, in^i^ 
der. to melt it and nftakc it mn o£ ^ ^ 

Notwithdanding all the ptecandms tinit can l)r 
taken to hinder i£e melted Lead inrntonqring^^off 
^y C<¥per with it, it s imooflUik ^tenipinifit 
this inconveiiknoe ^entirelff : JUiJUii nB fc c61lifttjbfciii 
b loelted Qver.again, in order to fa»ntD«iie4imtl 
portion of Copper with which it is wU aJri n ff g tcdi 

4 s Copper is much %toT dian lAd^iJf' ih^ 
two met^ hai^Den to be b blended. to»ihdir' diM 
the Copper, without being in fufion atad ^SkUmAhf 
the Lead, is only Interpol between the pateof the 
^Ited Lead, fb as to fwim therein, it is>«kieii (M* 
cifely in th^ cafe of a folid body plungod fauo « 
fiuid heavier than itfclf^ and muft rile to the fivfaor 
' ^ ' jske 
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})k6fwob(^thr(t»7ti injto i^ater^ It is pmper to burn 
Ibmoitfdiimmable niatierpii this: iheked Lead, in 

; ot<i?r ta- reduce fudi parts tl^mof ds arc conftantly 
4^a)idniilg on ks fiiril^e white It' is M fufion ; for 
witibout: ^18 precaQticta titey would bt taken tlSr-io*. 
g^tW Wkk the C<?CT^r^ 

: TJiie C«pp9r iefi^ Is^.^s 

Hire: m>kinmcpbGhi^- ix\^d^0 i littkr Le^v 
^ jm.df&ib« tD j^ratft it entif^l^tbe^efFons, yot^ 
iXHift put it into a cifsel, and expofe it \)nder the 
muffle, to fuch a degree of fire ^ may convex alf the 
Lead into Uthai^r. > Tluscaimoc be fodolSe but]thiit 
jamie^af^. Copper >^^ fcQrificd% tht lieat 

C^jetwi J^ ;aixl l^y^^^ a(f]don ;ci;£ the iLead i but ji^ 
Itheoe.iis \aj vcgr giicjM: 4i}ffereoce between the feeifit^ 
pnd* liadinds with which thefc two metak caU 
iimf^^fiOf^9^ <4/Copp^ t|iat i^^cal^ioedj^ while 

ihi&<wl}o]^:Let^ is^mirQi^^^ ioto litharge,* is fcarcp 

« ,T|^^£^»;ihoi^4c^^ the 

Cpppetr % the-pcpceis j(^e<kliyereciy is i^^ yet ab^ 
liii4<MeI|r. })^^ alloyed With Gold, 

Aim ^im^ fome Silver. If you 

.mg»MJbm,J^ xrmdx asjsoflibJe from any 

mi^i;uiY?,Qf thefe tPfK> imtals, you muft convert it in- 
10.gJM&}ifi|Mnra]ie^.t^^ ^d aftetwards 

iss^ti^:^^^ But, as thefe tWo perfecb 

IQMedb^^Oii^^ it isnot'u&^l 

'to/^lwiwet^^ they be in a fuffitf- 

dut |«o^(»1Mtt,to d^6rzyjbt diatge, and piodu<^ 

, .Whcn..iwe. examine by the cupel the jOft propor- 

^ Wm^AG^l^ Silver that at) ore or a mixed me- 

taUtae-iUEifs will yield, we make a previous affay of 

tkerlicad «9 beemployad'in the operation, and after- 

«wd%.irEio«reftirnafie, deduft a proper allowance for 

^>tni^]teity of fine, mkal due to the Lead made 

^ji»feof* . 
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pr66ess III. 

>, The Calcination of Lead. 

TAKE what quantity of LeaiT yoiT glgSfc ; 
melt it in pne or more-unglazed earthen pans : 
ii dark grey powder will be found on its fuiface. 
Keep ftirring the metal inceffimdy tilt it be wholly 
eonverted Wto fuch a poWder, vhich is lh« ^ab^of 
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'^ As tead is a very fufibfc tnctal^ and if dtat re^ 
lj[)cft greatly refembles^ Tin; moft of the obferv aii o ns 
We rnlde oil th^ calcination of Tm may be mtilicd 
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here. 

* In the calcination of adi tnetalsr, and particularif 
in this of LWd, ' there appears' a fingular phenoaie* 
non which ^ is not eafily accounted for. It is this : ^' 
thbugh thde matters' lofe a great deal of- their fub- 
ftanfcc; cithit by the difliiwftldn of their pW^)g»X)n, 
'Or becaufdfome 'of the metal; perfaiaps/ exhales in Vft- 
j>t)ur$, yet When the caldnatioxt is overdarircalws 
are fbttnd t6 bt eniiredfed'in weight, anddais^iocrcafc 
is very eonfiderable. An htrikfred' pouddat of (ie^, 
ibr example, Concerted into Mihium,iillnth-ls^ no- 
thing but a calx of Lead brbiight tor iftdJ^<:olwr 
by continuing the calcination^ arc found to gain ten 
pounds weight 'i fo that fo? Ai hundred pounds of 
'Lead we have one huftdrcd and ten pounds of Mi- 
nium : a prodigious aivj almoft Incredible aiJgmen- 
'tation, if it be confidciied that, far from' admng any 

• thing to th/: Lead^ we have on the contrary diuipat- 
ed part of it. ' * 

* * To acwunt for tWs. phenomenon Natural Philctfo- 
*phers and Ghymrfts have invented feveral ingenious 

hyppthefes^, ^b^jt none of theni entirely fitisfaftdry. 

""'As 
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As we have no eftaklifhed theory to proceed* upon^ 
we ihall not undertake to explain this extraordinarji; 
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TAK-E two parts of Litharge,, and ope pait of 
pure cryftalline Sand ;. niinrfe them togerhcf 
as exadly as poffible, adding a litde Nitre and Sea- 
falt : put this mixture info a crudfclc of the moft 
folid and fnoft compaS; earth.' Shut th? crucible with 
a cover chat may perfc£Uy cl6ie it V j 

Sep the ^mcible th$}s prc|)ai:ed in a nielting fur* 
nace ; fill the furnace with coals 5 light the fine 
gradually^ {o that the whole may be flowly heated : 
then, raife the .fire la as.io make the ^rucible very 
red, and bring the matter it contains into fufion \ 
ke^ it thus melted for a quarter of ^n^ hour^ 

Then' take the crucible out of the furnace, and 

break it : in the bqtcom thereof you will rndft 

cbmmoaty find a final! button qf l;^, and over it 

'*a iranfpaiwt Gla^, of a yellow cojiour nearly re- 

' fenibltng that of ambeh Separate this Glafs from 

therlittie .button of metal, and from the falihe m^t- 

•|ejrs^^^?hich you i«fiU find abqye ito.,. J 
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PuRi^lnead, being cxpofed to aiis^Bg fire^witl)- 

^ou>^,a^ additfimenc» turns to Litharge,; which is a 

.Jfc^jjiiort of fubftance^ more w lefsryellowilh, flan- 

ihg, ahd jfoft to the touch* This is \ht firft advance 

.^:lh$ Vitrification of Lead* The iaigjs refineries ot 

. Gold and Silver, by ther means of Lead furnifh a 

...j^a;. ^arvtity of this materiaL It is fometimes 

\ whitifli, and is then cz\\^ JJtharg§^f Silv^ 5 fomc- 

C c 3 times 



tiihe$ ydkifr^ and* then bom: tbeimiM of iMa^fi 
ef Gold. The (bfieftnct of ift^oiour 4epdiid4 or 
the degree of fire it hath undergone, and on the 
metalline fubftances vitri6ed with it. 
" Litharge alone is very fbfibte, and being m^t^ 
to the fire is eafily converted into Glafa : but this 
Glafs ot Lead, made without additament, ^s fo 
active, (o penetrating, and fo apt- ta fwell^ that It 
can fcarcely be made ufe of wihen pufe. We are 
obliged in ibme fort to clog it, by uhidHg It with 
fome vitrifiable matter that is not fo fubtile, foch 
as Sand ; and it is fof thi^ itafon, not to render 
the mixture mo^ fofible, that we hav^ dire&ed the 
addition of one third part of Sand to two thirds of 
Litharge, 

The Nitn5 and Sea-ialc, prefcribed as ingredients 
in the mixture, are defigned to procure ah eqil^ fu- 
iion of the whole. For, as the Sand is lightdr*and 
lefs fiifiblc than the Litharge, it will partly rife to- 
Witrds the upper part of the crucible wKch that 
matter fir ft begins to flow. •, in confcqiience whereof 
the contents or the upper part will be mu'dh more 
difficult to n^lt, and form a Glafe much more com- 
pact than that below : but the Nitre ai>d Sea-lalt 
poiftfling the upper part of the crucible, becaufe 
they are ftill lighter than the Sand, and being in 
their own nature very efficacious fluxes, on account 
of their great fiifibility, they quickly bring aboiit' 
the fufion of tboje particle&of Sand,^ which, having 
efcaped the aftion of the Lithargei may have rifen 
unvitrified to its furface^ 

The moft difficult thin^ tOr procuie^ and yet t|ie; 
moft neceiTary to (he fiiccefs of this iopotiti&ni is ai 
crucible ef earth |b firn» and cdmpaft a$ not to be 
penetrated ^y the Glaf» cf Lead^ which conodtt 
J (id makes^ its way thfough every thftng. 

Ihe prec^tion of diufing a erudble lAiiii'ihaH 
roniain % gootl d(l4 (Mite thttaf ijieQiattfr tadb4s/¥(-i 

trifled 
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«[]i«i jl 49eafi0ffyj€to^ v^ca^ Glais 

>.T^ tijiie ta H»^ thp fenicible cloibflnit is allb 
indifpenftibly Becefl^ry^ to prnvent any bit of char- 
ff^?^% or P<>i^r ^fJamtlo^ble muter^ ftom ialKng into 
|(; ; iw when tins h^pp^m i&occaiiom a redxi^on of 
the I^ad,^ which is Mw^yt attended wttH a ibit of 
efFerrefcence^ and fuch a confiderablc Jheaving, : thai 
comonpnly moft of the mixture runs over thccruci- 
ble* For the f^me rcafoii it is vcty prt)per, befom 
ywrcxpofe the mixture to the ftrt»-to cxartnioe whe^ 
thcr 9f no it contain* any matter capabfe.of fiirmlhts 
ing # phlpgifton during >^ Opcwtioa *, andtif h 
doe^ to remove th^ rndtfer with great care. , 
The little button of Le^d, found at the bottom 
of the qruciyq after th? opemtidn, ccmck fiom a 
fmall portion of L^d that \% jGoaimonly left ia Li- 
thargp, unjcfs yop prepaid it carefully yourfclf, and 
d^ not take it from thp fire till you are fore of hav- 
ipg dcftioy^ all the Lead. Befides, thik ftnall por- 
tion of J-^ead estn be of no prgudice totfae opcratiai, 
becguic; it,cannP9t comnumicafe its phlogifton to the 
reft <^f x)^f^ matten 

Tlje ceyi vifyjing of Liih^gp, of the Calx, and of 
tUe GX^^ of Le^i may be obi^tne^ by the fame pro« 
c^fles aS( the reduction of its ore. 







PROCESS v: ; 

Lead diffalved iy fh NUrmcs 4£id''. 

XJT itsto^ mm^^i^m&A^af^'trs prtcipi- 
t4md)likevfthatufed «94iilbhre S9^^ i weaken' 
iti>y mixing therewith aQ^eqoal xjuAntky^f commonf 
wAMr:;jffil SM^nwtra&mU w>t £uid-bath ; throw in- 
to i{» iitde by ticdxt, fm«U fak^of -Lead, till you fee 
tbfMo itioreiK^ill idiflblve. Jqua F6Hh eh\!i& lower- 
ed vnHq^iii^ 2 ftnirA of it& weight oS Lead. 

C c 4 There 
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There is gradually foimxAvfoa $^ i^e^d. ^» ir 
<fiiS>lves, firft a grey, powder, and aAerifabda *x 
white crnfty wMch atlafl: hinder, the iMv^tttfiSm 
acting on the remaining part of tbe vMUd. ; and 
therefore the liquor fhould be mad^to^boil, itad 
f he veffel flioutd be Ihaken to remove thofe it^^i* 
inents, by which means all the Lead wiU be* dif^ 
(blvcd. 

OSS ERV At IONS. " / 
Lead very much refembles Silver, wth TtfpcSt 
to the phenomena which attend its dtflUiition' in 
Acids. For example, the Nitrous Acid mdl be 
very pure and uncontaminated with the VitribKc of 
Mburine Acid, to qualiiy it for keeping the Lead in 
folution : for, if it be mixed with either the one or 
the other of thefe Acids, the Lead will precipstats^ 
in the form of a white powder as fuft as it diilMves \ 
which is juft the cai^ with Silver. 

If the Vitriolic Acid be mixed with die Nitrots^ 
the precipitate will be a combination of the Vitriolic 
Acid with Lead ; that is, a NeutnU Metallic Salt^ 
or Vitriol of Lead. If the Acid of Sca-falt be 
mixed therewith, the precipitate will bq 9 PlmAtim 
C4frneum ; that is, a Metallic Salt ^femblbig ^^he 
JJma cornea. 

When ail the Lead is diilblved as above ^fcnbed,! 
the litjuof appears milky. 1 jF it be kept f^W^n^Vcr 
the fire till little cryftals ^gin,to appQar^!eii;!£s fiflr- 
face, and afterwards left to ftand quiet^ -inia (»rt<iq 
time there will be found at the bottom a gycyHh 
powder, which being tried: on Gold is Mciwrial 
^ enough to whiten it, Mttle globules -i^. QuickC-' 
ver are evep difcernible in it. - * 

We owe this obfervation, together witfc this nwm- 

ner of proving the exigence of MeFCi^% Leiidy 

^nd of procuring it from thence^ toM. Grofle,- who 

I \idi\\ given an ^count of Jbis.proccis in theMembirs 
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of tte MiStttif 6P Scitiices^ ' from whence we have 
csoptoiri!»drfcription of the operation in iiand, • 
:-l%c?fekktidA bcbg qUickly poured off 'by ixxcH- . 
itattbafwrA the' grey tnercurial precipicatc. ii'ftill 
ihilky/^Ottl depoiites another white Tedimcnt* /Whea 
this^ fecond preci^tafc falls the liquor beconles.dcai:, 
and IhniAdj and is then' of a fine yellow colour, like 
a folurion of Gold. On this gold-coloured folu- 
tion, and on the „two. precipitates above-mentioned, 
M. Grofle made ieverar obfervatiqns, ..thp chief of 
which we Aall 'here ihfert. / . 

The yfelldW liquor affefts the tongue at. firft .witjli 
a^fte of fweetnefs ; but 'afterwards vellicates it vej^ 
finartty, stad l^ves on It a ftrong (enfatio^ o^^i^ 
HMHiy, which continues for a long tim^.; "V 

Atteiaiis predpitate the Lead; fufpcndeij [n this li* 
fpaor, }uft as they do all other metaU diflblved. by 
J\dds \ and this precipitate of Le^d is white. » , 
Sca-falt, or Spirit of Salt, feparatesf the tead 
from its folV^Yit, and precipitates it, as wc obferved 
bisfbre, into a Plumlmmchrfieum : but this precipi- 
tate: differs ^'^from the L«»a cornea^ as being very fo^ 
tabic in watU?* ; whereas the Luna cornea will, not 
dififtdcve^ ift it at all ; or at leaft diffolves therdn with 
'great dififectltj^ and in a very fmall quantity. Th^is 
Plumbum comeum diflblved in water is. Jgain precipi- 
, taoed b^ the* Vitriolic Acid. M, Groffe . ojjfcryes 
that'thb foflhs dri exception to the eightji column pf 
Mr. Geoffroy^s' Table of Affinities j in which the. 
Add of Sea-falt is marked as having a greater affi- 
nity than any other Add with Metallic .:wbftances, 

Oof fblution o8f Lead Js alfo precipitated in a 

white powtfer fey fevcral Neutral Salts ; fuch as Vi- 

triolated Tartar, Alum, and common Vitriol,. It is 

^ by the m%ans of double affinities that thefe Neutral 

, *lSalts elftft this precipitatioln. 

" '" Exfen-ptire water fflone IS capable of precipitating 

^IheiLeafl'bf ctor (blution, by weakening the Acid, 

and 
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and thereby difablipg it from Ipocf^ng t)^ mv^ (^ 
pcnded. /, m ..;^ 

Laftty, a& all the foJjutions of mctaU la Ac^cjs am 
nothing but Neutral Metallic Salt^ 40^r:.a flu^ 
form, fo if the folutionof Lead be eyaporaited ov^r 
the fire, it will ihoot into very beiuittf ul ^ry%|)fs 
about the bigneis of hemp- feed, ihaped like ref^ar 
pyramids having iqqare bales. Tliie^ cryftals ar* 
yellowilh, and have a fweet faccharine u^ : buc 
t^hat is moil Angular in them is, that, ;|» they conisft 
of the Nitrous Acid combined with L^ad, whk:t> 
mani&lUy contains a great deal of pblogiiton, they, 
conftitute a Nitrous MetalU(; Salt» which has. |h«^ 
property of deflagrating in a crucible^ without tt^ 
addition of any Other inflammable matter. Thif 
Salt is extremely hard to diflblve in water. 

The grey mercurial precipitate which whit^n^ 
Cold, and in which little globules of running. Mer? 
cury are perceivable, is far from bcii\g pute Mer- 
cury. This metallic fubftance makes but a&n^ 
part thereof: for it is an aflfemblage i» of littlt 
cryftals of the fame natuiie with thofe aiibrded jg| 
the evaporated folution ; 2. of a portion of die 
white matter, or powder, which rem^rsthe ib}utioi^ 
milky 5 3. of a grey powder which M- Groift coxk^ 
fiders as the only mercurial part 9 4* and laftly, of 
little particles of Lead that have efcaped the z£iioa 
of the folvent ; efpecially if a Uttle inere L^-rth^^^ 
the Acid is capable of difiblving were added with 4 
view to faturate it entirely, as in the piefent procefs* 

By means of motion and heat the fmall parcels,, 
of Mercury may be amalgamated with the Lead* 

That Mercury fhould be found intire and in glon 
bules in the Spirit of Nitre, which very eafily djf-^ 
iblves that metallic fubftance, wiU not be fui;pn<cing 
to thofe who refled that, in the pr^s^t qjfe, ths ^' 
Acid is faturated with JLead, wilh whkb it ba$ a»t 
greater aifinity than with Mctcury ^ ^'%membfn 

M. 
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i4. €^Sffifdy*sVTafate of AlSifli^^^ whcr^ iii the 
colomti that hath the Nitrous Acid at top. Lead li 

ece^ above Mercttry : Agreeably to this; if Lead 
prefenffid w u fcfotion of ^Mepcarjr h Spirit o^ 
Nitre, the Lead will be diffolvta, aod as the diflb* 
kitSarrlhcnrdFidvariccs the Mercury will precipitate, 

¥ienc6 It srpjpeafs that, in order lo find any Mcr- 
iftiry in the Ipontancous' priedpitafe of Lead diffolved 
hf ^he Nitfoittr Acid; it ' is * nece£&ry that the Acjd 
fed eftHitiy faDorated' with Lead 5; or elfe thar portion 
rf^thfe Add which remains un&turated will diflblve 
the Mercory. , • 

WWi legard to the white powder that renders the 
fohition milky, and afterwiards precipitates, it is tto- 
thing but a portion of the Lead, which, not being 
intimately unit^ with the Atid, &Hs hi part of its 
own accord; It is a fort of calx of Lead, which 
being expofed to the fire becomes partly Rhf^^ and 
pardy Lead, becauie it ilill retains fome of its phlo- 
jgtfton. 
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CHAR Vlt 

Of Mercury. 
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PROCESS I. , 

^0 extraa Mircury from its Qre^ nr formvijyil 

from Cmak<ar. - 

- 4 

PULVERIZE the Cinabar from which you 
would extmdl the Mercury ; with dus powder 
mix an equal part of dean iron filings ; put the mix-* 
ture into a retort of gla& or iron, leaving at lead: 
one third part thereof empty. Set the retort thus 

prepared 



pvqiaredin afand-1wtb> lb diatit$«boiif Auy^ bc^^ 
quite faoiiodincht £ttid, and its neok dd(Pttm) (iM^t) j 
derably downwards: fit on a receiver half filled w^^^ 
woter^ and iet die 00k «£ die aetovtttnMiaboiit 
half an inch into chewatier. ^ . - l:^ 






. Hoat. the vefisla ib a»'jtaiQadke>dic inoiiii^itfpd^^ 
rafiely red The Mercury* will cile^ in ^vnpoi^s 
which will condenfe into littledfops^ tir^- fell tnini: 
the water in the. recefvov -When .ywL .ftoidtat. .bch 
thing tnodB comes ovfF' with this degree of Keat» ^^ 
creafe ki in order to^naife^.what Afercm^-ms^ ftiU. 
ht k&^ Wiien aU the Mtrcury is ^SulaBPtjglM^ 
over, take off the receiver, pour out the water coit^ 
c^imdin it^ and icoUeAthe^ Mercury. 

OBSERy^TIONS. 

Mercury is never mineralized in the bowels ic^ 
the earth by any thing but Sulphuf -, '^^th whfch'it 
forms a compound of a brownifh red colour, knoTfrn 
by the name of Cinabar. 

Sometimes it is only mixed with, earthy arid ftony 
^natters that contain no Sulphur ; but as this m^« 
tallic fubftance is never deftitute of its phlogifton, 
it then has its metalline form and propcrtfcs. When 
it is found in this condition, nothing is more eaJy 
than to fcparate it from thofc hetcrogeneous'mattcrsl 
For that purpofe no more is requifHC than lo difttll 
the whole with a fire ftrong enough Vi taife the 
Mercury in vapours. This mineral js volatile ; the 
'earthy iind ftony matters are/ fixed ; and a certain 
degree" of heat will effect a complete fepararion of 
what is volatile from what is fixed. 
^ This is not the cafe when Mercury 1$ combined 
with Sulphur : for this latter mineral is volatile as 
'well as Mercury •; and the compound refiiltrng from 
the union of them both is alfq volatile: fi) thit 
'if Cinabar were expofed to the fire inclofe vcflcl?. 



Pr a c*1^*i cte of €tt*F Ui s^ R Y- 3^7r 
a^ iHaft l^cb £lv6ithe ^Mettm^v^it would Ise^^jfo-^ > 

from each other, v« muit^ave'tiiecoinje to d&e m<» 
tei^d(teidbP>i^ro(He^fbi@d^j.^ hark a gttaieruf. 
feiity Hirtth dtietnF thefin than thb-'oriier hath, and'rto^ 

"Itoif tedf ^^d»e€ondido]»m|iiite for tlik pin^-"^ 
pdfe rfe<Srig it^hatb, as iitmy be fecn w ehe^Table,^ 
ii'ttiudh gre»[ier'affintey^witii Siriphur^^^^^ IVfeccury 
h^th^ af1d'UilnCB^abk^o£donll^^^g^m]^dnb^ 

Merfcufy.'^-'-^-'"'' ^'••'O ^'^'■■•) ■-•• • ■-•i ••• ^■'.- >i.-,, ^«tt*v,> 

* Iron, however, is tioe tto^dhly fi}bfi»fice<thatl^ 
be employed on this occafion : Fixed Alkalis, Ab- 
forbent eartte,^eop|)er,^I>adi Sihrar, RcgUhis of 
Bfftimpny, have all, as well as Iron, agreatpr^- 
Dity th^n Mercury iwith^'Sulphur. Nay, fcveral of 
tficie fuhftances, \ namely, tnelaliDc and earthy. Al- 
kalis, as well as Regulus of Antimony, canpotcon-^ 
tra£t any union widi Mercury : »tlie reft, to wit,.Cpp- 
peir, Liead, and Silv^, arc iitieed capaWe. of amaU 
gftnating with Mercury 5 , but Aen the qmbn- which 
ffliefe ihetaU pAtrafi with the Sulphur prevents It \ 
f ndtyeatho* they (hould upite with thi? raetallfcfub. 
fiancp, the degree of iieat.to which the wlwle mix- 
ture^ is, exppled would foQn_carry up the jilerwry^ 
aiui fcparate ^ with eafe frcwn.thofc fucc^ fubftanc^s. 
. • In tius diftSlation the feme cautions/ muft te pbr 
fervcd 2is in all others' : that is/ theiyeflels muft ht 
(iowiy .heated,, efpecially if a filafs retort, be ufed j 
the fire muft be raifed l)y ^ ^rees, and a much 
jlrongpr ope applied at laft dian at firff. This o* 
'peratioa particularly requires a very ftrong degree kA 
fiiie, when there is but a fmall quantity pf. Mercury 

• After the operation there remains in the retort a 
^pompound of Iron and Sulphur, which may eafily 

be 
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be convatpd iata a avav^ bgr ^aldaingc 
l^urnii^ away tho S^pkctr.. 

If a fixed Alkali be employed^ a Linr cf Sdl- 
pbur will be ^wA in«he moit aiibr ik^iSlkShikm. 

If the Cinabar froofi ^vUqh y^w OEtFt&lfafrMn^ 

cuiy be^epod^ yoiu.^TiUgi^icrikllyobiiimfi^ 
tCfiu weight iaQgick*filv^» • ; » . ^ 

In the pnefent opeiatipn it is Ii9t flAeeffit|r:(A kMe 
on the. nQcciTer^ ibecauiib the water»{in ubicblbe oofe 
of the jecQit i^ pkii^||o4 is fuiKpcnt lo fix the 
M<^n^ ^^pcfW^. Ia ci^e iW; CiMdMr* £m 
which you intend ta j^p^iatp 4ie^ iJkmigf^^ tr HHK^ 
ed with a great quamky of JMerogeoeoftUh, iiut^tfiifir 
cd, ii^aOjers, foch jt« ^urdts, ftoqeh i^^ it imjr be 
lepfu-ated fhooi thou by Aib^iog ifc with A ^voppr 
(degree of hpaJCy faecai|l(; it is voi^lp. . 1 

The vapours of MfUfwtf am pn^judifsal, wAmof 
excite ^ falivation, tremors^ and pflli(ie^; they ibouidi 
therefore be always avoided by fuch as ^m^ on ibif 
mineFaJ- • . ..., 

7'he oldeft and righeft jninc of Meqcui^ i^^mticl' 
Almaden in Spain.r it is a fiogular pvoperty of diac 
mine that, thoi^ tjbe Mercury found. to i£4s gqua 
bined with Sulphuri Md ia the ^m fif Ckioba^ 
yet no additament is re|uired to procure iSsm iqmar 
tic^pfthffetwo4 the earthy and ft^ny matber^ widn 
which die particles of the ore are in«orpanU£d» bo«* 
ing kielf an exoellenb abforbent qf .fo]f>han 

lathe Quick-filv^r ^MOfks carriod ^ftiat^hisAiine 
they 43ulce no ufe of retorcs. They plgoe lumps of 
the ore on aa iron grate, w4uch ftandl^mfidiedfatdy 
over the furnace. The furnaces which ieive for thui 
cqperation are clcfed at the top by a fert of domc^ 
tchind which (lands the ihaft of a chimney that com- 
municates with the fire place, and gives vent to the 
fmoke. 1 hefe furnaces have in their fore- fide fix- 
teen apertures, to each of which is luted an aludel 
in a horizontal pofition, comnxujnicj^ting with a 

Ions 
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vloogTow^i^f ocher aludcls placed likewife ini an hori- 
zontal dirediion; which ia^udek fo conne6bed toge« 
tber&rm'^b^e ]of»g pipe er canal, the ftiither end 
whttk) JF ^ypens mio a chamber denned to receive and 
CQfideaifbaliitie mercurial vapours. Thefe iiqws of 
:Bkk^ are:fiip|xaittd •fitim end to end by a termll, 
whith runs from the body of the buadihg; wherein 
:fhe fomaces^^at erefted, to that where flic chambers 
«pe built th^ peribtttr the office elf receivers; \ ; * 

' fins fe a vet7 fegcnltiw toiltrivancc and lav^i 
iHttc^ Mskbciv, * eipcnce, affiU trouble, that^'wbiild 
be onwroidjfele'Ctwirt!PW6tt ^ » 

r l^l«p«t«flfcefimiace which contains flie lumps 
0f0te^ fcrv«f^ the body tff the retoh^ theriwof 
adudels for its neck ; and the Itttlfc^ chambers in which 
thefe canals tecmiltate are difiiaal reedversi The 
tsnrafi'Of c6mhlunication, whicJi reaches from the 
one btiSdittg tothe oidi«r, is forhied of two inclined 
^btMs^ the kfwtf edges of which, meeting in the 
f^iddlc t)f the terrafe, rife from thence infenfihiy; 
tbetme tjulcctothe build'mg where the furnaces arc, 
and the other tbrthat whith ferms the recipient cham- 
itn, By ithfe iheaus, when any Mercury efcapcs 
t^aoogjtk' tht jolrtts of ^e aludels,' ft naturally runs' 
down along thefe iriciined planes, and ib is colle^ed 
ili themiddte ofthetcrrifi, where the inferiour fides 
of the pkntsr mecttttg together f6rm a fort of ca- 
nri, wt.^t#]fidhit i^eflSlytaken up. 

* .Hie celebtltteA M. de Juiieu having viewed the 
^oleWmftif, irt a journey he made to this hiinc,' 
Artiiiibcd iw with ^rs deftrriptioh cFf the work. 
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diftillaiion. Having therefore diffolvcd your Mer- 
cury in the Vitriolic Acid, if you will ik>w prepare 
the Turtitb, you rauft, by continuing^ to heat the 
retort, drive over all the liquor into the receiver, and 
didill till nothing remains but a white powdery mat* 
ter : then break the retort ; pulverize its contents 
in a glais mortar, and thereon pour common wat£r» 
which wiH immediately turn the whke matter of a 
lemon-colour ; wafii this yellow matter in five or 
fix warm waters, and it will be what is called in 
ipedicine Turbitb mineral v that is, a combiniatioQ 
cif the Vitriolic Acid with Mercury, five or Sx 
grains whereof is a violent purgative, and alfo aa 
emetick; qualities which it poiTeflesincomn^o/i^widt 
the vegjctable Turbkh, whofe name it hath th^fqre 
taken. ~. 

There rifes out of the retort, bodi while the Mer- 
cury is difiblving, and while the Iblvent is abftraift** 
ing, a weak Spirit of Vitriol ; becaufe a great part 
of the Acid remains united with tiic Quick-filver, 
\rhich at laft appears in the form of a white powder : 
fo that» if you do not incline to fave the Acid which 
rifes on this occafion, you may, inftead of drawing 
off the liquor in a retort, evaporate it in a ala(s ba* 
fon fct on a fandrbath, Vhich will be much iboner 
done. 

It is very remarkable that, on this occafion^ the 
Mercury may be expofed, without any danger ol 
fubliming, to a much greater hea^ than k i^. qipaUe 
of bearing when not cpmbined with the Vitriolic 
Acid ; wbicly ihews that tim Acid hath the property 
of fixing Mercury to a certain degree* 

The white matter, that remains after the ev^pora-;^ 
tion of the fluid, is one of the moft vicJent <;orror 
fives, and would prove ah adualpoifon if takers, in- 
tern^ly. By warning it fqverai times in warm watei; 
it is freed from a great deal of its Acid> and fo i:on- 
fiderably fweetened. The proof is this ; if the 
ijrater ufed in waihing the Turbith be evaporat-j 

' . cd. 



id) thcFC f epFiaips* ^tef tfee e vaporaiiofi i iflatten? in 
form pC a Salt, tbat,beSrtg fee in.i celjar runs ina> 
a liqMo? callefi d// <^ Mereurjf^ wfeicKis^ powerftA 
ccK-rofitef Several attthoffe farther .flk*£^ Spirit.^ 
Wine to Ife.botftt oiy the Turfeiithi to rpfecteh it flti^ 
inore.- . . " -' .-. ■ [, " > :.*i ' .,.,.« 

.. If. JBjftfiad., of ..wafting, mc whine xfiattcr tbat:J»f 
ftjains ftftet thef tfloiftjfl'c is dtawn .off,, frfllh OH.'<rf 
Vitfk^ be pourdd oii. Jitv and then^ ^ftrjified 1^ Ipbi 
fore jj this treatrn«At bring repeated; Jwp. . ^r, ihKft 
times, there will at lail remain in the retort a mat- 
ter having die app^arslnce of as pH,ryvhich refifts 
the a£^ion of tlie fire/ and c^ntiQt "^e^ deficcated t 
'q^a&Acs wWth itk d^Ag to the ' ^ik quah«tij^ of 
•Acld'patWclii's thos- oftfeetf \*fth thiijWc^ctrry: Tlfil 
C«rcJf Mefcury i*' oife df tlie moi!t ^Ifcnt tbrfo/iv^iR 
TWmfc&r^f ttOifhi'^ntiidthtTt^r^y by prfiSi 
Jwta^ftig'ii' vWtfr aiV'AlK:**,' or r -metallic fdbftibbj 
that hath mpre. afEnity than Mefcury vith the V?* 
tridligiAfciti ^ '"lii>rf, fdF-iitffence;' HiSf W iiii^fey- 
ed in this tsrec^JifcltiMt MdthiW thus- fepahttiA 
ftom tfce TittioTte Adel-rtMid ohfy-.Be dgtillfcd W rt* 
covef tfief^i-rnof QWKVl^yet'.- ■ ; - ^ l'^ •'.'- '-'- 

». • »»>i.. ».. ,j ••■♦J*.'. .*.-, i ..»«4»r 
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21? :COfHitne Mercury mth Sulphur, j ^iii^op' Miffefit 

MIX ^'dmni'flif-&i)iibur^itb:tl^ 
C^tck^filver^rf (^[fiAtdmi^ wh(^e joift 
.^tfe-moitajr Ipwfha'^ilftf ^«ftfe.-fy A^afe^iJ^iyou 
tritur^:c, the Metci|?-y!fwiH'daappeaar;:*tmd-t^ 
.-wiil ac^uliFe a biack -cblQWl- • Gehwinufe the* • tritiJi?2 
till you tannot percdi^ dkefeaffi ^deld<»f frunc^ 
Merctapy, , T4ieJWsick:iniirftfcr ywnTJwHlthen ha^rem 
the mortat ifc kriotm^h1l.lAedfciae5IfaifJathfi•frfarab'5^f 
yMtbi^ps mrnleral. iift}JEtiiiop^:iiiiaf jtlfobfe made 
: by fire in the ft^ltowrfe^ms^tjten Or:- ^^j-; : , . ..; 
. - ; D d 2 Iw 
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' In a {hsiiom unglazed eaithen pan melt one pare 
of flowers of Sulphur : add three parts of running 
Mercury, making it fall into the pan in the form of 
finall rain, by fqueezing it through chamoy leather. 
Keep {lirring the mixture with the fhank of a to- 
bacco-pipe all the while the Mercury is falling t 
you wul fee the niatter grow thick and acquire a 
Dtack colour. When the whole is thoroughly nux* 
ed, iet fire to it with a match, and let a$ much o£ 
die Sulphur burn away as will flame. 






• ' O'BSERVATIONS. 

I , MeRjCury and Sulphur unite together with great 
^f\\ cold-.tnture alone is fufficient to JQin them* 
Py this I means': the Mercury is reduced into eicceed- 
i^^biall atQins^^ and combines fo perfe£Uy with the 
^phur that the Jeaft veflige thereof b not to be 

i^* 

.Sulphur is .not the only matter which being rub- 
j^wit^i Mei'cury will deftroy its form and fluidity; 
^\ fyt 4>bftance^ that hfveany degree of confidence^ 
fuch as the fat of animils^ InUams, and reiins, are 
capable of producing the (zmttSeEk. This metal* 
|tC:iyhi^€% bc»ig critunMed lor fome time in a 
nK)rtar with thele matters, becomes at laft invifible, 
and communicaties to them a black colour. When 
thg.s divided by the interpofition of heterogeneous 
particles it is utid to be Killed. But Mercury doth 
^iXomraiftfuch an intimate imion with thefe other 
Jinattersas it doth with Sulphur. 
ll /J'he iEthiAps prepailed by ftifiottis a more per- 
itdt and acccffate cpmbination of Mercury and Sul- 
phur than the other: for, the quantity c^ Sulphur 
;dive<£ted to faeuftd ki making it being much> greater 
than is abfofutdy neceflaryito ,fix the .Mencury, the 
titdundant Sulphur is deftroyed.by burning, and 
-none left'ibuvwhat is nloik* intimately united with 
the Merci^ry, and hindered by- the unioa it hath 
I .; ' con- 
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cotidtajed vs^th that ttietaDic fubftance 'from being' 
fo eaflly confumea. THi -ffithidps^* thereford, which 
is pillared 1^ fufiph and burning the Sulphur, con- 
tains a mtcn greater proportion of^ Mercury thaii 
that which is made by ample triture ; fo that in Me- 
dicine it bught to be prefcribed indifferent cafes, an4' 
in fmaller ddfes. 

If no more Sulphur than is juft; neceflary tt> kill 
the Mercury be added to it at firft, it will be dif- 
ficult to obtain a perfeft mixture ; becaufe that 
quantity is very fmdl : it is better therefore to em- 
ploy at once the quantity above 4ire(Sed. ' 
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P R O C E S S V. 

To fiAlime the combination of Mercury and Sulphur 

into Cinaiar. 

GRIND to powder ^thiops mineral prepared 
by fire. Put it into a cucurbit ; fit thereto a 
head j place it inafand-bath, and begin with apply- 
ing filch a degree of heat as is requifite to fublime 
Sulphur. A black matter will rife, and adhere to 
the fides of the vefleK When nothing more will 
rife with this degree of heat, raife the fire fo as to 
make the fiund and the bottom of the cucurbit red ^ 
and then the remaining matter will fubfime in the 
form of a browniflrred mafs^ which is true Cinal^ar^ 

0£.SERP^4^J0NS. 

* 

JEthjop$^ minera[I requires nothing, but fublima* 
tion t6 become- true Ciriabar, like that found in 
Quick-filver mines r Buroor :Sthiops contains fl:ill 
rooreStjlphur thaA^bUght ttf be in this Compofition 
^^f Ciaabal' ; for ^hicnfeafdii v^e have diredled the 
<}egree of fim applied* ^ firflr to be nb greater than 
tJiat i;^hicK is capal^ of fiiWiming Sulphur, As 
Cins^aF» though confifting of Mercury and Sul- 

Dd 3 phur. 
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phur, is yet much kfs volatile than either ^ thel^ 
fubftasices alone ; which probably arifes from th^ 
Vitriolic Acid contained in the Sulphur s there- 
fore, if there be any redundant Sulphur \\\ the 
<£tbiops, which hath not contra£led an intimate uni- 
on with (be Mercury, it will fubliooe by itfelf in this 
firft degree of heat. Some mercurial particles alte 
ViU rile with it, and giv& ic a U^k colour. 

Cinabar contains no more Sulphur than about a^ 
fixt^i or fevcnth part of its weight : ft) that, inftead 
of employing the common ^thiops to make it, \X 
would be better to prepare one on purpQfechatfhouid 
contain much lefs blilphur ;' becaufe too much Suit- ^ 
phur prevents the fycccfsof the operation by blacken- 
ing the Sublimate. Indeed in what ever manner 
you go about it, the Cinabar always appears black 
at firft : but when it is well prepared, find contain; 
no more than its due propprtiop of Sulphur, the 
blackntfs is only external. This black coat there- 
fore may be taken off 5 and then the internal part 
will appear of a fine red, and, if fublimed aTccond 
time, will be very beautiful. 

As artificial Cinabar hath the fame properties with 

the native. It may be decompofed by the fame 

means : fo that, if you want to extrad the Mercury 

, but of it, recourfe muft be had to the procefs above; 

dclivared for workirtg on Cinabar ores, 

■- ■■ . ■ ^ •■in xmim^ 

PROCESS VI. 

^0 dijfolve Mercury in tbi ^ Niir&uf Aad. , Sundry 

Mercurial Pr^ipitat^j. 

PU T into a laiatrafe the qoiwtity of Mcraary 
you in^nd to diHblve : pour on it an equal 
quantity of go^d Spirit of Nitre, and fet the matraft 
JA a/and-bath moderaiely h^al^. The Mercury 
will diflplve with the phenomena that ufiiaUy attend 

the 
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the diflblutions of metals in khis Acid. When the 
diflbiutioh . is completed let the liquor cool. You 
will know th^t the Acid is perfeftly feturated, if there • 
remain at the bottom of the veflel, notwithftanding 
the heat, a little globule of Mercury that will not 
diffi)lve. 

OBSERVATJONS. 

" MEitcuRY diflblves in the Nitrous Acid with 
much more facility,' and in much greater quantity, ' 
dian in the Vitriolic •, fo that it is not neceflary, on 
this occafion, to make the liquor boil. This folu- 
tion when cold yields cryftals, >vhich are a Nitrous 
Mercurial Salt. If you defire to have a clear lim- 
pid folution of Mercury, you muft employ an Aqud 
Fortis that is not tainted with the Vitriolic or Marine 
Acid : for, the affinity of thefe two Acids with 
Mercury being ^greater than that of the Nitrous 
Acid, ' they precijpitate it in the form of a white 
powder, when they are mixed with the folvcnt. 

Mercury thus precipitated in a white powder, out 
of a folutiqn thereof in the Spirit of Nitre, is ufed 
in Medicine. To obtain this precipitate, which is 
known by the name of the White Precipitate^ Sea- 
fait diflblved in water together with a little Sal Am- 
moniac is ufed; and the precipitate is waflied feveral 
times in pure water, without which precaution it 
would be corrofive, on account of the great quan^ 
tity of the Marine Acid which it would contain. 

The preparation known by the name of Red Pre^ 
xipitate is alfo obtained from our ^lution of Met;- 
cury in Spirit of Nitre. It is made by abftrafting 
all the motfture of the folution, either by diftillacion 
in a retort, or by evaporation in a glafs bafon fet on 
a iand^bath, W hen it begins to grow dry \% appears 
like a )vhite ponderous ma(s. Then the fire is made 
ftrong enough to drive off almoft all the Nitrous 
Acid> which> being now concentrated, rifes in the 
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ibrm of red v^^ours^ . If tfaefe vapoim Js^catcted 
in a receiver, the/ condei^ie into a liquor, which is 
a very ftrong and vafily fiAokmg Spirit (^ Nkre. 

By degrees* as the Nitrous Acid ia forced up by 
the fire, the mercurial mafs lofes its wiule coluur, 
and becomes tirft yellow, and at lad: very ted. 
When it is become entifudy of this laft colour the 
operation is finifhed. The red mafs remaining is a 
Mercury that contains but very little Acid, in com- 
porifon of what it did while it was white : and in- 
deed the firft white mais is fuch a violent corrofive, 
that it cannot be ufed in Medicine i wherea$» when it 
is become red, it makes an excellent efcharotk:, which 
thofe who know how to uie it properly apply with 
. very great fuccefs, particularly to venereal ulcers. 

This preparation is very improperly called a Pre-' 
ciptate : for the Mercury is not feparated from the 
Spirit of Nitre by the interpofition of any other 
fubftance, but only by evaporating the Acid. It 
is alfo called Arcanum Corallinum. 

It muft be obfervcd that Mercury, by its union 
with the Nitrous Acid, acquires a certain degree of 
fixity : for the red precipitate is capable of fuftain- 
ing, without being volatilized, a ftrongcr degree 
of heat than pure Mercury can ; which, as we ob- 
fervcd before, is the property of Turbith mineral 
alfo. 
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PROCESS VII. 

To comKneMcrcury with the Acid ofSea-falt. Corroftve 

Sublimate. 

EVAPORATE a folution of Mercury in the 
Nitrous Acid till there remajn only a white 
powder, as mentioned in our obfervations on the 
preceding procefs. With this powder mix as much 
breen Vitriol <:alcined to whitenefs, and decrepita- 
ted Sca-falt> as there was Mercury in the foludon. 

Tritu- 
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Triwrate the vholc carefolly in a glafs mortar. Put 
this mixtufe into a imtrals, fi> that two thirds there- 
of veaif remain empty, having firfticutofF the neck 
to fcalf it9 length 5 or inftcad thereof y<»3 may ufc 
an sqpodiecary's phial. Set yoiir veflfel in a (and- 
bath, and put fand round it as high as the contents . 
reach* Apply a moderate fire at firft, and raife it by 
flow d^TB^. Vapours will begin to afcend . Con* 
tinuethe fire in the fame degree till they ceafe. Then 
ftop the mouth of the veflel with paper, and increafe 
the fire till the bottom of the Ikhd-bath be red-hot. 
With this degree of heat a Sublimate will rife, and 
adhere to the infide and upper part of the veflel,- j 
in the form of white, femi-tranfparent cryftals. 
Keep up the fire to the fame degree till nothing more 
fuUimes. Then let the vefl&l cool ; break it, and 
take out what is fublimed, which -is Corrojive SubU* 
mate. 

OBS ERVAr IONS. 

In this operation the mineral Acids aft; aad arc 
afted upon, in a remarkable manner. Every one of 
the three is at firft neutralized, or united with a dif^ 
ferent bafis -, the Vitriolic being combined with Iron; 
the Nitrous with Mercury, forming therewith a Ni- 
trous Mercurial Salt ; and the Marine with its natural 
Alkaline , bafis. The Vitriofic and Nitrous Acids, 
v^hichare united with metalline fubftances^ being both 
ftronger than the ^cid of Searfalt, ilrive-ta.«xpel it 
from its bafis, in order to combine with it themfelves ; 
but the Vitriolic Acid, being the ftrongeft of the two, 
would take fde pofle(fion of this bafis exclufive di 
the Nitrous, which would continue united with the 
Mercury if the Marine Acid had not a greater affi- 
nity than the Nitrous with this metallic fubft^ce. 
This Acid therefore being expelled from its balls by 
the Vitriolic Acid, and fo fet at liberty, rauft unite 
with the Mercury, and feparate the Nitrous Acid 
from it ; which no^v hath np reflource but to unite 
with the Iron dcfertcd by the Vitriolic Acid. But as 

all 
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all thefe changes are brought about by the means of 
a confiderable heat, and as the Nitrous Acid hath 
' not a very firm cohcfion with the Iron^ it is drivea 
off by die force of the fire ; and this it is which we 
fee riie in vapours during the operation. It alfo car- 
ries off with it fome parts of the other two Acids, but 
in a very fmall quantity, Afi:er the Gyration there- 
fofe there remains i. A combination of the Vitriolic 
Acid with the bafis of Sea- fait ; that is a Glauber's 
Salt: 2. A red martial earth, being that which 
was the bafis of the Vitriol : thefc two fubftances are 
blended together, and remain at the bottom of the 
veffel bccaufe of their fixity : 3. A combination of 
the Marine Acid with Miercury ; both of which be- 
ing volatile, they afcend together into the upper part 
of the veflel, and there form a Corrofive Sublimate* 

If we . refied on this procefs with attention, and 
recolleft diftindly the affinities of the different Tub- 
fiances employed in it, we fhall perceive that it is 
not beceffdry to make ufe of all thofe matters, and 
that the operation would, fucceed though feveral of 
them were left out. 

Firft, the Nitrous Acid may be omitted 5 fince, 
as hath been (hewn, it is not an ingredient in the 
Sublimate, but is diflipated in vapours during the o- 
peradon. From an accurate mixture therefore of 
Vitriol, Sea-falt, and Mercury, a Corrofive Subli- 
mate muft be obtained : for as the Acid of the Vi- 
triol will difengage the Acid of Sea-falt, the latter 
will be at liberty to combine with the Mercury, and 
fo form the compound we are in quc^l of. 

Secondly^ it' we make .ufe of Mercury diffolved 
by tTie Nitrous Acid, we may omit the Vitriol-, be- 
caufe the Nitrous Acid having a greater afgnity than 
the Marine Acid itfcif with the bafis of Sea-&lc, and 
the Acid of Sea fait having a greater affinity than the 
Nitrous Add with Mercury, ,thcfc two Acids, will 
naturally make an exchange of the bafes with which 
they are united ; the Nitrous will lay hold on the 

bafis 
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balls of Sea- fait, and form a quadrangular Nitrc^ r 
while the Marine Acid will join the Mercury, and !. 
with it form a Corrofive Sublimate. 
. IThirdly, initead of Sea- fait its Acid only may be 
employed; wWch being mixed with the folution of 
Merciii^. in- the Spirit of Nitre, will, by virtue of its 
gr^^r af^nity wich that metallic fiibilance, lieparace 
i{ from the Nitrous Acid, unite with it, and form a 
why:? /ncrcurial precipitate, which need only be fob- 
]fmed to bepome the combination required. 

Fourthly, inftead of Mercury diffolvcd in the Ni-; 
trous Acid, Mercury diifolved by the Vitriolic Acid, 
or Turbith, may be ufed; only mixing Sea-falt, 
therewith : for rfiefe two faline fubftanc^s will mu- 
tually decon>pognd each other, by virtue of the affi- 
nities of their Acids, and for the fame reafons that 
Sca-falf and the Mercurial Nitrous Salt decompound 
each other. The Vitriolip Acid quits the Mercury 
with which it is combined, . tq unite with the bafis 
of the Sea- fait ; and the Acid of this Salt being €X-' 
pelled by the Vitriolic, combines with the Mercury, 
~md confequently forms our Corrofive Sublimate. In 
this cafe a Glauber's Salt remains after the fublima- 
tion, 

Thcie feveral methods of preparing Corrofive Su- 
blimate are never ufed, btcaufc each of them is at- 
tended with fome inconvenience ; fuch as requiring 
too long triture, yielding a Sublimate lefs corro- 
five than it fliould be, or a fmaller quantity of it- 
We muft, however, except the laft -, which was in- 
vented by the late Mr. Boulduc, of the Academy of 
Sciences, who found none of thefe inconveniencies 
jittending it *• 

Corrof\ye Sublimate may alfo be made only by. 
Wiixing Mercury with Sea-lalt, without any addita- 
ipcnt. This may ^appear furprizing when we confi- 
der that, as Acids have a greater dffinity with Alka- 
lis than with metallic fubftances, the Acid of Sea- 

♦ See thfc Memoirs of the Academy for 1730. 

I fait 
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fait ought not to quit its bafis, which is Alkaline, 
to unite with Mercuiy. 

In order to explsun this phenomenon it muft be 
remembered that Sea fait, when expofed to die fire 
without additament, fufiers a little of its Acid toe A 
cape. Now this portion of the Marine Acid tmites 
vnxh the Mercury, and forms a Corrofii^ Sublimate. 
Moreover, as there is a pretty ftrong affinity between 
the Marine Acid and Mercury, this may help to de- 
tach from die Sealalt a greater qbaittify of Add 
than it would otherwife part with. Ncverthelefs the 
quantity of Sublimate obtained by this means is not 
confiderable, nor is it very corrofive. 

On this occafion we muft alfo mention- anather 
combination of the Marine Acid with Mercury 5 
which is made by mixing that metallic iubftance per- 
fcfkly with Sal Ammoniac, by the means of tri- 
ture. Mercury, like all other metals except Goid> 
poflcfles the prc^rty of decompounding Sal Ammo- 
niac, feparating the volatile Alkali which fcrvcs it 
for a bafis, and combining, by the help of a very 
gende heat, with its Acid, which is well known to 
be the fame with that of Sea-falt. This decompo- 
fition of Sal Ammoniac, by the metalline fubftances, 
is a full deception to the firft column of Mr. Geof- 
froy*s Table of Affinities, and is the bafis of feveral 
new medicines invented by the late Comte tie la Ga- 
rayc*- ,^' • 

Corrofive Sublimate is the moft violent and the 
moft aftive of all corrofive poifons. It is never ufed 
in medicine, but in external applicatioils. It is a 
powerful efcharotic j it deftroys protid fk(h, and 
cleans old ulcers : but it muft be. ufed by diofe only 
who know how to apply it properly, and requires an 
able hand to manage it. It is not commonly applied 
by itfelf, but mixed in the proportion of half a dram 

* Se^ the Memoir givjen in by me on this fubjedl to the Aca- 
demy of Sciences in the I\^efn:res de TAcadem.t 1 754. 

to 
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to a pound of lime-water. This mixture is yellowifli, 
and bears the name of Aqua Phagedenica. 

Water diflfolves Corrofive Sublimate, but iii a 
fmall; quantity. If a Fixed Alkali be mixed with 
this iblutiorif the Mercury precipitates in tftd form 
(xf a red powder. If the precipitate be procured by* 
a Volatile Alkali, it is white ; if by Lime-water, it 
is yeUoiw; This Mercurial Salt dijflblves pretty ea*« 
fily in boiling Spirit of Wine. 

■ ' I • 

P R O C ESS VIII* 
Sweet Snblinuite. 

TAftE'fSbufpartsofCorrofiveSublimate; pul- 
veriztflt in a glafs or marble mortar; add by 
Httie and Kttle three parts of Mercury revivified froni 
Cinabar i trit^r^tf fe the whole carefully, till the Mer- 
cui^be peffe<aiy killed, fo that ho globule thereof* 
eaA 'be perceived. The matter will then be grey. 
Put this powder into an apothecary's phial, or into 
a matraft, whole Aeck is riot aboVcfour or five inches 
long, leaving two thirds thereof empty. Set the 
veflci in a fand-bath, and put fand round it to one 
third of its heighth. Apply a moderate fire at firft; 
and afterwards raife It gradually till you perceive that 
the mixture fublimes. Keep it up to this degree till 
itoChing more wiU Hfe, and then break the veffcl. 
Rejeft, as ufelefs, a fmall quantity of earth which you 
will find at the - bottom ;• feparate alfo what adheres 
ta the neck of th^ Veffel, and carefully coUcft thfc 
matted in the middle, which will be white. Pulve- 
rize it V ftiMlrtTe it a fecond time, in the fame man- 
ntr as before ; and in the fame manner feparate the 
earthy matter 'left at th* bottom ofthe vcflcl, and 
what you'find fublimed into the neck. Pulverize, 
and'fublinoa a third time, th^ H?^hite matter you laft 
found in the wiikJdle.- The whkc matter of this third 

fublN 
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fiiblinvition is the Sweet Sui/imaUy called alio yiMita^ 
Ma. • ., .. 

O BSERV ANIONS. 
. The Acid of Sca-ialc in the Corrofive Sublifnatr 
^ very far from being perfe&Iy faturated wjih Mer^ 
eury % and thence comes the corrofi ve quality of this 
fidipe compound « But though Mercury, . as a{:pcar» 
by this QOtnbinacion, is capable of imbibing a muck 
greater quantity of Acid than is neceflary ta di£Ebit^e 
it; nay, though it naturally takes up this fuper* 
ab undant quantity of Acid, yet it doth not follow 
from thence that this redundant Acid qiay not com-* 
bine with Mercufy to the point of perjTofi: faturation, 
fo as to lofe its QOttoSprc acidky. 

This i& the cafe ia th^ opmtion tp(« ddcittxcK 
A frelh' quantity of ruaiuog Mercury is miwd with 
Coodlve Sublin^ate y and the frelh.jVKrctiry^ o^-f 
bining with the fuper-aboundi<^ Acid^ deprives.tfa<s 
Subliiaaoe of its acrimoay, and forms a compound 
which comes much nearer tbe;nat;nre, of a Kc^ufiial 
Metallic Salt; 

Trituration alone is not fiafBcient to produce an 
union between the newly added Mercury and the 
Acid of the Cqrfofive.SubliiBate : becaufe, gqineraUy 
ipeaking^ the Add of Sea-ialt qannoC diflblve Merr 
cury without the help c^ a certain d^;ree of heat, 
and unkis it be reduced incp vapours^ 

Thus, though the newly added Mercury becomes 
Invidble by trituration, and feems a^ually combined 
with the Corroiive SuUimate, yet the u(uon is ncn: 
intimate. There is only an interpofitim of part^, 
but no true diifolution of the newly added Mercury 
by the fuper«abpndaat Acid of the Corrofive Subif* 
mate. For this reafon the mixture muft be fu- 
blimed ; and by this fublimation only is the true union 
efFeded. Nor is one fingle fublimation fufiicient: 
n9 kfs than three are neceflary to deprive the Sqbli- 
inate of the corrofi ve quality which renders it poifon* 
ous. .After the third fublimation, the Subliniate 

being 
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being put upon the tongue gives no confiderable fen^ 
fation of acrimejDy ; nor deth it retain any more of 
its former aftivity than is requifite to make it a gpa- 
tle purgative, when adminrftcred from fix to thirty 
grains for a dofe. • ^ " , 

f If ft Irf^ quaothyof Mercury than that above di- 
rekSh&d.bc mixed vkh the Obrtrofive SubKmate, the 
fu^r-'abuiMfmtAcid will ii6t be fafHcii^tly faturiM^ 
a/ii the kfs iWhercuiy is addbdi* the more of its ieor-> 
mfivfi virtue vift the Siiiitnate retairtv' 

if^ on the tontrary, a greater quakicy of Mer- 
cury be added, there will be rdhrt than the Acid cain 
poffiWy diflblvc, and the fuperfluous quantity will 
remain in its ncitiiral form of Quick-filver. . It is 
b$4tey:thtFefQre J».^arr iii tbe tacccfs than in the de- 
fbi^of the pir()portieHfr of MeUcwy to be added ; bc- 
cauie'tbe Cori:orir^ Sublimate wHl take up no nK>re 
than h necJcflSM-y t^.^qkify it. - 
• Fart of tiie, Aicid ef the Cbrrofivc Sublimate is affo 
ditiipatied in vapo^rs^ during, the operation ; and k & 
ne^i^aify ta aUow room for thefe. vapour$ to circu- 
la;:^) and ^ vent tc^^ire them pai&^, or ei^ tbey 
will burft the veflels. Thefc are our reafons for 
Itaa^ng an en^ty (pace in 1& fijbliihing veflels, and 
fiv having theiir necks no itooretfafim five or ijx inched 

lOflg* 

; The matter whkh J^Hoiea iato the neck of the 
vtfl^l ia always very aeiid.; for wkich reafert it moft 
be fepafated frooi the SWeet Siihtiinate. There re* 
maim alio at the bofitom-of thaibatrafs ^«arthy> 
reddi(h o^atter -, which probsiUy comes frona the Vi- 
triol employed in making the Corrofive Sublimate; 
This patter fhuft likewilc be rcje6fccd as ufelcfs after 
every fublimation. 
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PROCESS IX. 
I'be Panacea of Mercury. 

PULVERISE fomc Sweet Sublimate, and 
fubltme it in the fame manner as you did 
dirice before. Repeat this nine times; After thefe 
fiiblimations it will make no imprelfion on the 
tongue. Then pour on it aromatic Spirit of Winc» 
and fet the whole in di^ftion for eight days. After 
that decant the Sjnrit of Wine, and dry what re- 
mains, which is the Panacea of Mercury. 

OBSERVATIONS. 

The great number <tf fiiblimatiMs, which the 
Sweet Sublimate is made to undergo, fweeten it flill 
more, and to fuch a degree that it leaves no fenla- 
tion on the toncue, nor hath any pui^ative virtue. 

The Spirit of Wine, in which it is digefted after 
all the fublimations, is defigned to blunt flill more 
the iharpneis of any acid particles that may hot have 
been fufficiendy dulcified by the preceding fubli- 
mations. 

As Mercury is the fpecific remedy of venereal 
diforders, fundry prqmrations thereof have been ^t- 
tempted with a view to produce different efffeds. 
Sweet Sublimate is purgative ; and for that reafon is 
not quite proper for procuring a faliVaticm, becaufe; 
it carries off* the humours by fiooK The Panacea 
of Mercury, .which, on the contrary, is not purga- 
tive, may i^e a faUvation when taken inwardly. 



End of the Ftrjl Volume. 
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EXP LA^ At 10^ 

O F X H E 

P L A T E: S* 

P LA f E F I RS t. 

F 1 Gi I. if Copper jRembic^ . - 

A. Thfe Cucur|>lt0 4Drr Body. . > , 
Bi the Neck. 

C. The Head. . - 

D. The Beak, ^ofei dr Spovit 

E. TheRcfrig^ftttoiyi orGboltfn - 

F. Its Cock. 

G. The Receiver* 

FIGi It A Glitfs AkmhUi 
A. The Cucarbitci 

B. The Head. . 

C. The Gutter within the Head. 

D. T4ie Beak. 

FIG. IIL.? A. hy^^nnied GUf$ Akmii 

A. The Bodv of the Matraft^ 

B. TheNedt^ 

C. The Head. 

» * . • • «. 

PLATE SECOND. 

F IG* h yf- Glafs AhmbU ^ me pUut 

A. The Cucurbitc. 
fi. The Head. 

C. The Aperture in the Headi 

D. Its Stopple. 

£. The Mouch of the Ciicurbitd^i 

VoL,t E« **ia. 
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4i8 EXPLANATION 

1 

F I G- II. A Pilican. 

A. The Cucurbite. 

B. The Head. 

C. The Aperture in the Head, with its Stopple. 

D. D* The two curved Spouts. 

FIG. III. J Rsw tfAludih. 

FIG. IV. A Retort. 

A. Its Bowl. 

B. Its Neck. 

FIG. V. An EngUJbRetlrt. * .. 

■ ■ ft - ' — • f I 

PL A T E THI R D. ; , 

FIG. I. A Rivtrbirnting FHrna^U , 

A. The Alh-holc Doon 

B. The Fire-place Door. 

C. C. C. C. Regifters, 

D. The Dome, or Revcrberatory* 

E. The Conical Funnel. 

F. The Retort in the Furnace. 

G. The Receiver. 

H. H. Iron Bars to Aiftaia th^ Retort* 

FIG. II. The Conical Funnel bj hfilf.^ 

FIG. III. Back View of a Muffle. 

A. The bottom of the Muffle. 

B Its Arch. 

C. C. C. Lateral apertures. 

F I G. IV. Fon^View of a Muffle. 

FIG. V. A Melting Furnace. 

A. A. The Bafe of the Furnace. 

B. The Alh-hole. 

C. D. The Grate for the Fire. 
£., The Fire place. 
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F. G. H. Curvature of the iniide of the upper part of 

the Fire-place. 
I. The Shaft or Chimney. 



PLATE FOURTH. 

A Cupeling Furnaa. 

A- The Afh-hole. 

B. B. Its iliding Doors. 

C. The Fire-place, 

I), D. Its Aiding Doors. . if ' 

E, F. Small apertures in the Sliders. 

Gf.G. Holes for Bars tp bear thfe" Muffles. . ' '• 

H«H. H. Iron braces in.the. for^art of the Furnace^. 

. which form grooves for the Doors of the Fire- place 
and Afh-hole to Aide in« 
I. The upper pyramidal part of the Furnace. 
K. An aperture therein for managing the Coals. 
L. The Opening at top.. 
M. The Pyramidal Cover. 
N» The Chimney or end of the Shafts on which .'the 

' conical Funnel may be fitted. 
O. O. O. O. Handles for moving theflidifig Doors. < 
P. P. Ears of the Pyramidal Cover 

N. B. The .Furnaces, as reprefented in. the two laft 
Plates, are not in due proportion to each other. The 
Cupelling Furnace is much larger than it (hould be, with 
refped to the Melting Furnace. Thefe dimenfions are 
here given it, only that all its parts might be more dif- 
tin6ily expreiTed than could have been done if we had 
made it lefs. 
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18. 1. 8. from4Mtt»in| ftaj^ams ttk^fieam^ p, 51. J. f . und 
8. for <*«* reidi/. p. 49* for chap* VIIX. rtad chap. ViL 
p* 77. for OHaP* IX» retd chap. VI1I« p. -9 7* I. i«< for it from - 
tewAJtf ^iidff^m* .p. ii5» Lio for Tmtmrhatd rud AlM^lmmli 
p* 126. ). 9* ior fea-'weeds read marhimi phntJt f, 114. L ii< 
after tbofe itzAfu(lfan£eu p« X38« 1^ z 7* for fuhmarhie read maritimfi 
p. X49* K 5« for i// ffr^i read //J matrices^ p^ ijo. 11 15. for ^r^j 
read mimrab: p. 756; f. 1 7. read ^ arfefdci aftd K 4^ ffom'tort(>iri;^ 
for inv/iiiyir read immetallic. p. 163. h 5. frMi boctOM for i£^i^ 
read Acid, p. 170. L ti. from bottoni» fdr.djg/rread nvkkbmufi 
JUL ' p.,i 71^ 1. 1^ from Umoni for Bnak read B^aL p* i98« 1; s, 
for mdmon read of^mort,' p. ais, I. 10. dele /^ t/. p. 2^29, i« 
€9 7. dele/i&tf before. M0^»r^ and ^/i9^ «/r af^er if. p. 24S. 1. 8, 94 
from boHdifiy for fhm't6fA iU p« 185. 1. 15. I^itfi- bottom, dek ^ 
before ^/rrrr. p. 289. 1, a;i. read m mMX. 0, 37«, I. li. from' . 
bottom, for unvarni/bfd rea^d unglcnud, p> 373* i* 6. for ivouidnsLd 
isf andrdkft 5r } ' I. 7. dele <u;«a/</- and read /i'l^/'^ p. 3831 1; 7« 
for ^irumrdt read pnfeutfy. pi 406** U. 7< from baw ui j Me Jm 
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